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ABSTRACT 



Context. We present 8.2m VLT spectroscopic observations of 28 H II regions in 16 emission-line galaxies and 3.6m ESO telescope 
spectroscopic observations of 38 H II regions in 28 emission-line galaxies. These emission-line galaxies were selected mainly from 
the Data Release 6 (DR6) of the Sloan Digital Sky Survey (SDSS) as metal-deficient galaxy candidates. 

Aims. We collect photometric and high-quality spectroscopic data for a large uniform sample of star forming galaxies including new 
observations. Our aim is to study the luminosity-metallicity (L - Z) relation for nearby galaxies, especially at its low-metallicity end 
and compare it with that for higher-redshift galaxies. 

Methods. Physical conditions and element abundances in the new sample are derived with the Te-method, excluding six H II regions 
from the VLT observations and nearly two third of the H II regions from the 3.6m observations. Element abundances for the latter 
galaxies were derived with the semiempirical strong-line method. 

Results. From our new observations we find that the oxygen abundance in 61 out of the 66 H II regions of our sample ranges from 
12 -I- log O/H = 7.05 to 8.22. Our sample includes 27 new galaxies with 12 -I- log O/H < 7.6 which qualify as extremely metal-poor 
star-forming galaxies (XBCDs). Among them are 10 H II regions with 12-1- log O/H < 7.3. The new sample is combined with a further 
93 low-metallicity galaxies with accurate oxygen abundance determinations from our previous studies, yielding in total a high-quality 
spectroscopic data set of 154 H II regions. 9000 more galaxies with oxygen abundances, based mainly on the Te-method, are compiled 
from the SDSS. Photometric data for all galaxies of our combined sample are taken from the SDSS database while distances are from 
the NED. Our data set spans a range of 8 mag with respect to its absolute magnitude in SDSS g (-12 S Mg ^ -20) and nearly 2 dex 
in its oxygen abundance (7. OS 12 -I- log 0/H58.8), allowing us to probe the L - Z relation in the nearby universe down to the lowest 
currently studied metallicity level. The L - Z relation established on the basis of the present sample is consistent with previous ones 
obtained for emission-line galaxies. 

Key words, galaxies: fundamental parameters - galaxies: starburst - galaxies: abundances 



1 . Introduction 

It was shown more than 20 years ago that low-luminosity 
dwarf galaxies have systematically lo wer metallicitie s com- 
pared to mor e lum i nous galaxies ([Lequeux et alTl 119791 : 
ISkiUman et all 119891: [Richer & McCallL 1 19951) . This depen- 
dence, initially obtained for irregular galaxies, was later con- 
firmed for galaxies of different morphological type s (e.g . 



Vila-Costas & Edmunds I ' 19921: iKobulnicky & Zarit skv ', '19991; 
Melbourne & Salzer , 20021: iLee et al. L l2004t Ipilvugin et al. . 



2004tlLee et al. 1120061) . 



, ,)ic propert ii 

The differences between giant and dwarf galaxies are usually |2004l : iPilvugin et al. 1 12004|) . 
attributed to diffe rent chemical evolution of galaxies with differ- 
ent masse s (e.g. iLequeux et al. L 1979: Tremonti et al. , 2004^ 



sive galaxies converting gas into stars and/or less efficient ones 
ejecting enriched matter into the galactic halo or even into the 
intergalactic medium. While the mass of a galaxy is one of the 
key physical parameters governing galaxy evolution, its deter- 
mination is not easy and somewhat uncertain. Therefore, very 
often the luminosity, which is directly derived from observa- 
tions, is used instead of the mass. In addition, some authors also 
use other global characteristics of a galaxy such as Hubble mor- 
phological type, rotation velocity, the gas mass fraction, surface 
brightness of the galaxy, to study correlations b etween metallic- 
ity and macroscopic propert ies of a galaxy (e.g. iTremonti et al. L 



iLee et al. L 120061: ^Ellison etaTl [2008 : Gavilan et al. , 200^. 
Thus, more efficient mechanisms seem to be at work in mas- 



Send offprint requests to: N.G. Guseva, guseva@mao.kiev.ua 

* Based on observations collected at the European Southern 
Observatory, Chile, VLT and 3.6m telescopes. 

** Tables 1-6 and Figures 1-2 are only available in electronic form 
in the online edition. 



Metallicity reflects the level of the gas astration in the galaxy. 
Hence, the metallicity of a galaxy depends strongly on its evo- 
lutionary state, specifically, on the fraction of the gas converted 
into stars. The metallicity in emission-line galaxies is defined 
in terms of the relative abundance of oxygen to hydrogen (usu- 
ally 12 + log O/H) in the interstellar medium (ISM). Different 
mechanisms were considered in chemical evolution models to 
account for the low metallicity of dwarf galaxies, mainly 1) en- 
riched galactic wind outflow which expells the newly synthe- 
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sized heavy elements from the galaxy, resulting in slowing en- 
richment of the galaxy ISM; 2) inflow of metal-poor intergalactic 
gas and its mixing with the galaxy ISM which results in decreas- 
ing ISM metallicity, and 3) the burst character of star formation 
with a very low level of astration between the bursts. In principle, 
chemical evolution models could predict the slope and scatter of 
the mass-metallicity M - Z (and luminosity-metallicity L-Z) 
relations over a large range in mass (luminosity) and metallicity 
invoking the mechanisms mentioned above. 

Usually, L-Z relations are based on optical observations of 
nearby galaxies. However, it was shown in recent studies that 
the nea r infrared (NIR ) range could be more promising for such 
studies. [Saviane et al. I (l2008h collected abundances obtained by 
means of the temperature-sensitive method and NIR luminosi- 
ties for a sample of dwarf irregular galaxies with -20 < Mh < 
-13, located in nearby groups of galaxies. They obtained a tight 
M - Z relation with a low scatter of 0.11 dex around i ts lin- 
ear fit. ISalzer et all (l2005h (see also IVaduvescu et al. L l2007h 
noted that the NIR luminosities are more fundamental than the 
Z?-band ones, since they are largely free of absorption effects and 
are more directly related to the stellar mass of the galaxy than 
optical luminosities. Nevertheless, this statement is correct only 
for galaxies with low and moderate SF activity. In emission-line 
galaxies with high star formation rate (SFR), such as blue com- 
pact dwarf (BCD) galaxies, the young, low mass-to-light {MIL) 
ratio stellar comp onent may provide up to ~50% of the total 
K band emission ( iNoeske et al. L l2003h . Additionally, in such 
systems the contribution of ionized gas to the total luminos 
ity could be high (see e.g. llzotov et al. L[l997l:lPapaderos et al 



1998, 2002), espe cially in the N IR range (see e.g. iVanzi et al 



2000: Smith & Hancock L l2009l) . and should be taken into ac- 



count. 

Recently, studies of the L-Z relation were extended 
to larger volumes by including moder a te- and high-redshift 
galaxies ( Kobulni ckv & Zaritskv L 119991: IContini et all 120021: 
iMaier et al. . .20041) . Variations of the L-Z relation with red- 
shift can provide a means to study the galaxy evo lution with 
look-back time (see, e.g., iKobulnickv et al. L l2003h . It was es- 
tablished in this study that the slopes and zero points of the 
L-Z relation evolve smoothly with redshift. Its large disper- 
sion has been attributed to galaxy evolution effects. However, 
these results and their comparison with those for nearby galax- 
ies should be considered with caution. The high-redshift samples 
are biased by different selection criteria and metallicity calibra- 
tions as compared to the local galaxies. They consist on average 
of more luminous and higher metallicity galaxies. Star-forming 
dwarf galaxies in the relatively high-redshift (up to z ~ 1) sam- 
ples are rare because of their intrinsic faintness. Moreover, due 
to the weakness of the [O lll]/14363 emission line in the spectra 
of these galaxies, their abundance determinations are more un- 
certain and could lead to a large scatter in the L-Z diagrams. 
This fact could be the reason for a larger scatter of high-redshift 
dwarf galaxies if the direct Tg-method is u sed instead of the em- 
pirical R23 one (e.g., iKakazu et al. H2OO7I) . 

In summary, it is difficult to obtain rehable metalhcities over 
a large luminosity range in a homogeneous manner, i.e. em- 
ploying a unique technique (e.g. the direct Te-method), even for 
nearby galaxies. Therefore, different methods for abundance de- 
termination are applied for galaxies of different types. The direct 
method is mainly used for nearby low-metallicity galaxies, while 
various empirical methods are used for nearby high-metallicity 
galaxies and for almost all high-redshift galaxies. The variety of 
methods results in significant differences in the L-Z relations 
obtained with the direct Tg-method and those based on strong 



emission line ratio calibrations, such as /?23, P-method, N2 and 
03N2 methods. These differences were reported by ma ny au- 
thors (e.g., Pilyugin et al. , 2004; Shi et al. , 2005; Hovos et alTl 
I2OOI IKakazu et aLlllIoOTb . 

Large surveys, such as the Two-Degree Field Galaxy 
Redshift Survey (2dFGRS) and Sloan Digital Sky Survey 
(SDSS), provide rich data sets for stat istically improved stud- 
ies of the L-Z relation. For example. iLamareille et al. I (|2004|) 
using more than 6000 spectra of SF galaxies at z < 0. 15 from the 
2dFGRS have obtained an L-Z relation that is m uch steeper than 
that for nearby irregulars and spiral galaxies. iTremonti et al. I 
(2004) studied the mass-metalUcity (M-Z) relation for 53000 SF 
galaxies within z ~ 0.2 extracted from SDSS, using their stellar 
continuum and line fitting method. This method is applicable be- 
cause the bulk of their emission-line galaxies show weak emis- 
sion lines and strong stellar absorption features, and therefore 
the cont ribution of gaseous emi ssion to the galaxy luminosity is 
low. The lTremonti et al71 (|2004|) M-Z relation is relatively steep 
but it flattens for massive galaxies at mass es above 10'° Mq. On 
the contrary. [Melbourne & Salzerl ( |2002|) using 519 emission- 
line galaxies from the KPNO International Spectroscopic Survey 
(KISS) found that the slope of the L-Z relation for luminous 
galaxies is steeper th an that for dwarf galaxies. Nevertheless, 
iPilvugin et al. I (|2004|) have compared the L-Z relation based 
on more than 1000 published spectra of H II regions in spiral 
galaxies to that for irregular galaxies. They found that the slope 
of the relation for spirals is slightly shallower than the one for 
irregular galaxie s. Furthermore, using 72 star-forming galaxies, 
IShi et al.T(l2005l) have also shown that the slope of the L-Z 
relation for luminous galaxies is slightly shallower than that for 
dwarf galaxies. 

Is the slope of the L-Z relation invariant for galaxies 
of different type, such as local dwarf and spiral galaxies and 
high-redshift galaxies? If differences in the L-Z relations for 
intermediate- and high-redshift and local ones are present, they 
may yield important constraints on the Star Formation History 
(SFH) of galaxies. For this, an as accurate as possible L - Z rela- 
tion, based on homogeneous high-quality photometric and spec- 
troscopic data is required for galaxies that covers a large range 
in metallicity and luminosity. In particular, probing the slope of 
the L-Z relation in its low-metallicity end, i.e. in the range ex- 
pected for unevolved low-mass galaxies in the faraway universe, 
is much needed. For this purpose, in this paper we focus our 
study on the lowest-metallicity galaxy candidates selected from 
large spectroscopic surveys, using deep follow-up spectroscopic 
observations. 

Specifically, the objective of the work is to study the L-Z re- 
lation for a large uniform sample of emission-line galaxies in the 
local Universe for which the element abundances are obtained 
with high precision. The main feature of our sample is that it is 
one of the richest currently available at the low-metallicity end. 
For the galaxy selection we used different surveys such as 2dF- 
GRS, SDSS and others. Most of our sample galaxies currently 
undergo strong episodes of star formation (SF). 

We performed 3.6m ESO spectroscopic observations of a 
sample of 38 H II regions in 28 emission-line galaxies and 
8.2m VLT spectroscopic observations of a sample of 28 H II 
regions in 16 emission-line galaxies. We supplement our new 
data wit h our previous data co llected from the MMT obser- 



vations (llzotov & Thuan T I2007h . and from the 3.6m ESO ob- 



servations 



1g 



useva et 



, 120071: iPapaderos etaTl |2008|) of the 
low-metallicity emission- line galaxies selected fro m the SDSS, 
with the sample used by llzotov & Thuan I ( |2004|) to study the 
helium abundance in low-metallicity BCDs (henceforth referred 
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Fig. 3. The reddening parameter C(Hj6) obtained from the observed Balmer decrement (left) and the logarithm of the H/3 equivalent 
width (in A) (right) as a function of the absolute magnitude Mg in the SDSS g-band. Oxygen abundances are derived mainly with 
the Te-method. Additionally, only high-quality SDSS spectra with th e non-detected [O Ill]/1 4363 emission line are included for 
which oxygen abundances are derived with the semiempirical method dlzotov & ThuanLl2007l) . New 3.6m ESO telescope and VLT 
data are shown by open circles and by stars, r espectively. The additional sample of the metal-poor galaxies collected from previous 
3.6m ESO o bservations (iGuseva et al. U2007h are shown by fill ed triangles. Filled circ les denote the data frorn the HeBCD sample 
collected bv llzotov et al. I (l2004bl) and llzotov & ThuanI (|2004|) . The MMT data from llzotov & Thuan I (l2007t) are shown by large 
filled circles. The comparison SDSS sample is represented by asterisks in which are excluded the H II regions in nearby spiral 
galaxies, faint galaxies with nig > 18, the nearest galaxies with redshift z < 0.004 and all galaxies with cr/(4363)//(4363) > 0.25, 
resulting in the SDSS sample of 443 objects. 



to as the HeBCD sample) and with the MMT sample used by 
trh uan & Izotov (2005) to study high-ionization emission lines 
in low-metallicity BCDs. Our MMT, 3.6m ESO and HeBCD 
low-metallicity galaxies were selected from different surveys 
(a more complete description of the MMT, 3.6m ESO and 
HeBCD subsamples can be found in Izotov & Thuan , 2007 ; 
Guseva et al. L l2007t iPapaderos et al. i, 2008; Izotov & Thuan , 
2004 . During past years we selected from the SDSS and per- 
formed follow-up spectroscopic observations with large tele- 
scopes of (i) BCDs with strong ongoing SF, i.e. galaxies with 
high EW(Hy6), blue colours, high ionisation parameter, and 
(ii) low-metallicity galaxies in a relatively quiescent phase of 
SF, i.e. galaxies with low EW(Hy6), low ionisation parame- 
ter or older starburst age. For this, we selected galaxies with 
weak or not detected [O lll]/14363 emission line and with [O 
iiiU4959/Hjg $ I and \N iiU 6583/Hjg ^ 0.05 (llzotov et al. I 
I2006bt llzotov & Thuan L l2007l) . 

SDSS is an excellent source of both photometric and spec- 
troscopic data for more than one m i llion galaxies in its Data 
Release 7 (DR7) jAbazaiian et al. L |2009|) . Despite that, our 
stringent selection criteria resulted in a very small sample of 
extremely metal-deficient emission-line galaxies with reliable 
abundance determinations. This sample is supplemented for the 
purpose of comparison by a sample of ~ 9000 SDSS emission- 
line galaxies (SDSS sample) over a larger range of metallicities. 
The oxygen abundances for the galaxies from the SDSS sam- 
ple are obtained using the direct Tg-method. In addition, only 
high-quality spectra of SDSS galaxies with the non-detected [O 
Ill]/14363 emission line are included, for wh ich oxygen abun- 
dance s are derived by a semiempirical method (llzotov & Thuan L 
120071) . 

Thus, we construct a large homogeneous sample with uni- 
form selection criteria, uniform data reduction methods, and uni- 
form techniques for the element abundance determinations. The 
apparent g magnitudes for our entire data set are taken from the 



SDSS. They were used to derive absolute g magnitudes which 
were corrected for the Galactic extinction and Virgo cluster in- 
fall, except for the comparison SDSS sample galaxies. For the 
latter galaxies the absolute magnitude was derived from the ob- 
served redshift, adopting a Hubble constant of //q = 75 km s~' 
Mpc-'. 

The paper is organized as follows. Observations and data re- 
duction are described in Sect. 2. Physical conditions and element 
abundances in the galaxies from the new observations are pre- 
sented in Sect. 3. We discuss the properties of the L-Z relation 
in Sect. 4 and summarise our conclusions in Sect. 5. 

2. Observations and data reduction 

The new spectra of the 3.6m ESO sample were obtained on 14 - 
16 September, 2007 with the spectrograph EFOSC2. The grism 
Gr#7 and a long slit with the width of 1'.'2 were used yielding 
a wavelength coverage of /1/13400-5200. The long slit was cen- 
tered on the brightest part of each galaxy and simultaneously 
on another H II regions, whenever present. The name of each 
galaxy with its different H II regions, the coordinates R.A., Dec. 
(J2000.0), date of observation, exposure time, number of expo- 
sures for each observation, average airmass and seeing are given 
in Table [T] All spectra were obtained at low airmass or with the 
slit oriented along the parallactic angle, so no corrections for at- 
mospheric refraction have been applied. 

The new VLT spectra were obtained during several runs in 
October - December, 2006 and January, 2007 with the spectro- 
graph FORS2 mounted at the ESO VLT UT2. The observing 
conditions were photometric during the nights with seeing < 
1'.'5. Several observations were performed under excellent see- 
ing conditions (< 0'.'8). The grisms 600B (/l/l~3400-6200) and 
600RI and filter GG435 (/l/l~5400-8620) for the blue and red 
parts of the spectrum, respectively, were used. A l"x360" long 
slit was centered on the brightest H II regions of each galaxy. In 
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Table|2l the same parameters as in Table[T]are given for the VLT 
observations. Note that for each galaxy the first and the second 
lines are related to the observations in the blue and red ranges, 
respectively. Again, as for the EFOSC2 spectra, the observations 
were obtained at low airmass, and no corrections for atmospheric 
refraction were applied. 

The data were reduced with the IRAFQ software package. 
This included bias-subtraction, flat-field correction, cosmic-ray 
removal, wavelength calibration, night sky background subtrac- 
tion, correction for atmospheric extinction and absolute flux cal- 
ibration of the two-dimensional spectrum. The spectra were 
also cor rected for i nterst ellar extinction using the reddening 
curve of I Whitford I (Il958h . One-dimensional spectra of one or 
several H II regions in each galaxy were extracted from two- 
dimensional observed spectra. The flux- and redshift-calibrated 
one-dimensional EFOSC2 3.6m spectra of the H II regions 
are shown in Fig. [T] for all galaxies given in Table [T] One- 
dimensional VLT spectra are shown in Fig.|2]for 28 objects listed 
in Table |2] For VLT spectra of the four background galaxies and 
H II region No. 2 in the galaxy J2354-0004 without a detectable 
[O Ill]/14363A emission line, no abundance determination has 
been done. 

Emission-line fluxes were measured using Gaussian profile 
fitting. The errors of the line fluxes were calculated from the 
photon statistics in the non-flux-calibrated spectra. They have 
been propagated in the calculations of the elemental abundance 
errors. The quality of the VLT data reduction could be verified 
by a comparison of He I i5876 emission line fluxes measured 
in the blue and red spectra of the same object. We found that 
the fluxes of the He I /15876 emission line in spectra of bright 
objects differ by no more than 1-2% indicating an accuracy in the 
flux calibration at the same level. For faint objects the difference 
between the flux of the He I /15876 emission line in the blue 
and red spectra is higher, ~5 - 10%, and is comparable to the 
statistical errors listed in Table |4] 

The extinction coefficient C(Hy6) and equivalent widths of 
the hydrogen absorption lines EW(abs) are calculated simultane- 
ously, minimizing the deviations of corrected fluxes I{A)/I(H/3) 
of all hydrogen Balmer lines from their theoretical recombina- 
tion values as 



^ 2qC(H/3)/(^)^ 



F(A) EW(A) + \EW{abs)\ 



EW(n/3) 



EW(A) 



EWiHfi) + \EW(abs)\ 



Here f(A) is the reddening function normalized to the value at 
the wavelength of the Hfi line, F(A)/F(H/3) are the observed 
hydrogen Balmer emission line fluxes relative to that of H/?, 
EW(/1) and EW(Hy6) the equivalent widths of emission lines, 
and EW(abs) the equivalent widths of hydrogen absorption lines 
which we assumed to be the same for all hydrog e n line s. For 
/(/I) we adopted the reddening law by IWhitford I (Il958l) . The 
extinction-corrected fluxes of emission lines other than hydro- 
gen ones are derived from equation 



1(A) 



F(A) 



m/3) Fim 

The extinction-corrected emission line fluxes 1(A) relative 
to the Hj6 fluxes multiplied by 100, the extinction coefficients 



' IRAF is thie Image Reduction and Analysis Facility distributed by 
the National Optical Astronomy Observatory, whicli is operated by the 
Association of Universities for Research! in Astronomy (AURA) under 
cooperative agreement witli the National Science Foundation (NSF). 




Fig. 4. The logarithm of the Hfi line luminosity (in ergs s ') vs 
absolute magnitude. The same samples and symbols as in Fig|3] 
are used. 



C(Hy6), the equivalent widths EW(Hy8), the observed H/? fluxes 
F(H/3) (in units 10 erg s ' cm"^), and the equivalent widths 
of the hydrogen absorption lines are listed in Table[3](3.6m ESO 
observations) and in Table |4] (VLT observations). C(H/3) and 
EW(abs) are set to zero in Tables [3] and |4] if we do not have 
enough observational data or their values are negative. 



3. Physical conditions and element abundances 

The electron temperature Te, the i onic and total heavy element 
abundances were derived following llzotov et al. I ( l2006al) . In par- 
ticular, for the ions O"^, Ne^+ and Ar^^ we adopt the tempera- 
ture re(0 III) directly derived from the [O III] /l4363/(.i4959 + 
/15007) emission-line ratio. For re(0 ll) and Tf.(S III) we use 
the relation between the electron temperatures re(0 III) and 
the temperature s charac teristic for ions O^ and S^^ obtained 
by llzotov et al. I ( l2006ab from the H II photoionization models 
base d on recent stellar atmosphe re models and improved atomic 
data dStasiriska & IzotovLl2003l) . 

We use re(0 ll) for the calculation of 0+, N+, S+ and Fe2+ 
abundances and Tf.{S III) for the calculation of S^^, Cl^^ and 
Ar^^ abundances. The electron number densities for some H II 
regions were obtained from the [S ll] A6111/A613 1 emission line 
ratio. These lines were not observed or not measured in the re- 
maining H II regions. For the abundance determination in those 
H II regions we adopt A^e = 10 cm The precise value of the 
electron number density makes little difference in the derived 
abundances since in the low-density limit which holds for the 
H II regions considered here, the element abundances do not 
depend sensitively on A^e- The electron temperatures re(0 III), 
re(0 II), the ionization correction factors (ICFs), the ionic and 
total O and Ne abundances are given in Table |5] for 3.6m ob- 
servations. The electron temperatures Tf.{0 III), 7^(0 ll), Tf.(S 
III), electron number density A^e([S ll]), the ionization correction 
factors (ICFs), the ionic and total O, N, Ne, S, CI, Ar and Fe 
abundances are given in Table|6]for VLT observations. 

The oxygen abundances 12 H- log O/H in 61 H II regions 
out of 66 obtained from the new 3.6m ESO and VLT observa- 
tions range from 7.05 to 8.22. Among them, 27 H II regions 
with 12 H- log O/H < 7.6 are found, including 10 H II regions 
with 12 + log O/H < 7.3. The combined sample consisting of the 
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Fig. 5. Oxygen abundance vs absolute magnitude for a large galaxy sample. The same samples and symbols as in Fig[3]are used. The 
region denoted as a "branch" is populated mainly by the galaxies with relatively high redshifts (z > 0.02) and oxygen abundances 
derived by the Tg-method. The dotted line is a mean least-squares fit to all our data, while the solid line is a mean least-squares fit 
to our data excluding "branch" galaxies with Mg < -1 8.4 and oxygen abunda nces in the range 8.0-8.3. The dashed line is a mean 
least-squares fit to the local dwarf irregular galaxies bv lSkillman et al. I ( Il989l) . 



new observations, 43 BCDs from the HeBCD sample, 30 galax- 
ies from our previous 3.6m ESO observations and 20 galaxies 
from the MMT observations yields a data set of 154 H II re- 
gions. For comparison, we also use ~9000 SDSS emission-line 
galaxies with the [O iii] /14363 emission line detected at least 
at the Icr level, allowing abundance determination by the di- 
rect Te-method. In addition, SDSS galaxies with high-quality 
spectra where the [O Ill]/14363 emission line was not detected 
are used. In the latter case, the oxygen abundances were de- 
rived by the semiempirical method. SDSS galaxies from the 
comparison sample mostly populate the high-metallicity, high- 
luminosity ranges, as compared to the galaxies from our com- 
bined sample of low-metallicity emission-line galaxies (Figs. [5] 
-|7]i. The considered galaxies span two dex in gas-phase oxygen 
abundance, from 12 + log O/H ~ 7.0 through ~ 9.0. 

We use SDSS g magnitudes for the determination of the ab- 
solute magnitude Mg of all galaxies from our samples, while 
usually j? magnitudes and ar e considered in the literature. 
However, iPapaderos et al. I (|2008|) have shown that for regions 
with ongoing bursts of star formation, which is the case for our 
sample galaxies, the B-g colour index is of the order of 0. 1 mag 
only and <0.3 mag during the first few Gyrs of galactic evo- 
lution. Therefore, we do not transform Mg to Mb and directly 
compare M^'s for the galaxies from our samples with M^'s for 
the galaxies available from the literature. The use of the SDSS 
g-band photometry for all our samples allows us to investigate 



the L-Z relation over the Mg range from -2 1 mag to the faintest 
magnitude of — 12 mag at the low-metallicity end. 



4. Results 



4. 1. Luminosity-metallicity relation 

In order to illustrate the main properties of our sample we plot (a) 
the reddening parameter C{lif3) obtained from the Balmer decre- 
ment and (b) the logarithm of the Hy6 equivalent width (Fig. |3]l 
and the logarithm of the HyS line luminosity (in erg s ') (Fig.|4]i 
as a function of absolute magnitude Mg. The new 3.6m tele- 
scope and VLT data are shown by open circles and stars, respec- 
tively. The metal-poor galaxies collected from previous 3.6ni 
ESO observations are shown b y filled triangles ( iGuseva et al. L 
,2007t IPapaderos et al. L l2008h . Filled ci rcles denote t he data 
fro m the HeBCD sample collected by llzotov et al. ( 2004a ) 



and llzotov&ThuanI ( |2604|) . The MMT data (llzotov & Thuan 



20Q2i) are shown by large filled circles. The comparison SDSS 
sample is represented by asterisks. From the latter sample H II 
regions in nearby spiral galaxies are excluded, as are faint SDSS 
galaxies with nig > 18, the nearest SDSS galaxies with the red- 
shift z < 0.004 and all SDSS galaxies with cr[/(4363)]//(4363) > 
0.25, totaling 443 SDSS galaxies from the comparison sample. 

Our sample does not show any trend with absolute magni- 
tude of either C(HyS) or EW(Hy6), contrary to what was obtained 
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Fig. 6. The same as in Fig|5]but (left) only SDSS galaxies with oxygen abundances derived with the Te-method and (right) only 
relatively high-redshift galaxies with z> 0.02. The dotted line is a mean least-squares fit to all our data, while the solid line is a mean 
least-squares fit to our data excluding "branch" galaxies. 




-IS -14 -16 -18 -30 -22 -12 -14 -16 -18 -20 -22 

M M 

g g 

Fig. 7. Oxygen abundance vs absolute magnitude. H II regions in spiral galaxies and the nearest SDSS galaxies with redshift z 
< 0.004 are excluded from the SDSS sample while faint galaxies with > 18 are included, resulting in an SDSS sample of 
7964 objects. Symbols are the same as in Fig. [3]except for SDSS galaxies which are shown by dots. In the left panel the oxygen 
abundances 12 H-logO/H for SDSS galaxies are obtained with the Te-method. In the right panel 12 H-logO/H for SDSS galaxies is 
derived with the semiempirical method. The dotted line is a mean least-squares fit to all our data from Fig.|5] while the solid line is 
a mean least-squares fit to the same data excluding "branch" galaxies. 



bv lSalzer et al. I (l2005h for the KISS sample. The extinction in 
our sample galaxies is low. Only a few galaxies have C(Hy6) > 
0.4. The range of EW(H/?) ~ - 300 A for the g alaxies from 
our sa mple is similar to that for the KISS sample CSalzer et al. L 
l2005h but it is higher than that for the high-redshift galaxies of 
iKobulnickv etaTI (|2003|) where EW(H/?) < 60 A. 

The logarithm of the H/3 luminosity log L{H/3) of our galax- 
ies ranges from 36 to 42 (Fig. |4ll. For compa rison, the galaxies 
from the KISS sample by 'Salzer et al. ' ('2005') and intermediate- 
redshift galaxies by Kobulnickv et al. (2003) have log L{H/3) ~ 
39 - 43 and 39 - 42, respectively, i.e. low-luminosity galaxies 
are lacking. 

In Fig. |5]we show the oxygen abundance - absolute magni- 
tude Mg relation for the galaxies with oxygen abundances calcu- 
lated mainly with the Tg-method. In this Figure, the same sam- 



ples and symbols as in Fig [3] are used. The region denoted as 
"branch" is populated mainly by galaxies with relatively high 
redshifts (z > 0.02) and oxygen abundances derived by the T^.- 
method. Note that selection effects could be present for "branch" 
high-redshift galaxies which are predominantly distant spirals. 
In these galaxies we select mainly low metallicity H II regions 
with a detectable [O ni]/l4363 line while the abundance gradi- 
ent is present in spirals. The dotted line is a mean least-squares 
fit to all our data and the solid line is a mean least-squares fit 
to our data excluding "branch" galaxies with Mg < -18.4 and 
systems with an oxygen abundance in the range 8.0 - 8.3. The 
dashed line is a mean least-squares fi t to the local dwarf irregu- 
lar galaxies bv lSkillman et al. I (Il989h . Our sample (including the 
SDSS subsample) shows the familiar trend of increasing metal- 
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Fig. 8. The same as in Fig. |5]but only SDSS galaxies with EW(U/3) > 80A (left panel) and with EW(H/3) < 20A (right panel). The 
dotted line is a mean least-squares fit to all our data from Fig. |5] while the solid line is a mean least-squares fit to the same data 
excluding "branch" galaxies. For the SDSS galaxies with EW(Hy6) > 80A the oxygen abundances are ~ 0.4 dex lower than the ones 
for the galaxies with EW(I^) < 20A. The galaxies with the lowest metallicities could be found more easily among the H II regions 
with high EW(Hj6). 



licity with increasing luminosity. A linear least square fit to all 
data yields the relation 

12 + log(0/H) = (5.706 + 0.199) - (0.134 + 0.012)Mg (1) 

(dotted line in Fig. |5]). Excluding "branch" galaxies we obtain 
the relation 

12 + log(0/H) = (5.076 + 0.320) - (0.174 + 0.200)M^ (2) 

(solid line in Fig.|5]). We note that the Skillman et al. and Richer 
& McCall fits do not extend over the metallicity range of the 
present data. Therefore, we extrapolate the former fit in Fig. |5] 
(dashed line) to higher metallicities. Skillman's and our fits are 
obviosuly very similar The slopes of our L-Z relation of 0. 1 34 
0.174 ) are very close to the slope of 0.153 by Skillman et alj 
19891) and to the slope of 0. 147 bv lRicher & McCall , a995i) . 

Our sample is well populated in the low-lum inosity range , 
while less than 10 galaxies from the KISS sample ( ISalzer et al. L 
l2005b which were used for the study of the L-Z relation are 
fainter than Mg = -15, and none of them has an oxygen abun- 
dance less than 7.6. Our sample, excluding the SDSS subsam- 
ple, has a lower dispersion around the dotted line compared 
to all our data and shows a shift to lower metallicities or/and 
higher luminosities. This likely can be attributed to our selec- 
tion criteria which are optimized for the search for very metal- 
poor emission-line galaxies. Additionally, our sample galaxies 
display significant to strong ongoing SF giving rise to a large 
contribution f rom young stars a nd ion ized gas to the total light 
of the galaxv. [Papaderos et al. I d 19961 see also iPapaderos et aTl 
(l2002h ). using surface brightness profile decomposition to sepa- 
rate the star-forming component from the underlying host galaxy 
of BCDs, found that SF regions provide on average 50% of the 
total B-band emission within the 25 B mag/D" isophote, with 
several examples of more intense starbursts whose flux contri- 
bution exceeds 70%. As a result, a shift of BCDs by a AM — 
0.75 mag with respect to the relatively quiescent dirr popula- 
tion is to be expected in Fig. |5] (see also Fig. |9]l. A similar off- 
set to lo wer metallicitie s or/an d higher luminosities has been 
found by iKakazu et al. I (l2007h for their intermediate-redshift 



low-metallicity emission-line galaxies with strong SF activity. 
The mass estimate of the galaxy is less sensitive to the presence 
of star-forming regions as cornpared to its luminosity. This was 
demonstrated bv lEllison et al. I (l2008h who found that galaxies in 
close pairs show enhanced SF activity as compared to a control 
sample of isolated galaxies. At the same time galaxies in close 
pairs show a smaller offset in the mass-metallicity relation as 
compared to the luminosity-metallicity relation. Thus, the offset 
in Fig.|5]indicates that both higher luminosities and lower metal- 
licities may contribute to the shift in the luminosity-metallicity 
diagram of our sample galaxies relative to more quiescent dirrs. 

In Fig.|6]we demonstrate that the region of "branch" galax- 
ies is populated mainly by relatively high-redshift systems. The 
sample is the same as in Fig.|5]but in the left panel only SDSS 
galaxies with oxygen abundances derived with the Tg-method 
are shown and in the right panel only relatively high-redshift 
galaxies with z > 0.02 are selected. 

The location of the galaxies on the luminosity-metallicity di- 
agram is also sensitive to the method used for the abundance 
determination. In order to illustrate its effect on the observed 
L-Z relation, we compare in Fig. |7] the oxygen abundance of 
SDSS sample galaxies (dots) obtained with the direct Tg-method 
(left panel) and with the semiempirical strong-line method (right 
panel). The abundances for other galaxies in Fig. |7] are derived 
with the Tg-method. In this Figure we show the larger control 
sample of the SDSS (A^=7964) as compared to Fig. |5] Only H 
II regions in nearby spiral galaxies and from the nearest SDSS 
galaxies with redshifts z < 0.004 were excluded from the ~ 9000 
SDSS sources while faint galaxies with nig > 18 are included. 
Symbols in Fig. |7] are the same as in Fig. [3] except for SDSS 
galaxies which are shown by dots. The dotted line is a mean 
least-squares fit to all our data from Fig. |5] while the solid line 
is a mean least-squares fit to the same data excluding "branch" 
galaxies. 

It can be seen from Fig. [T] that the oxygen abundance of 
a given galaxy obtained by different methods could differ by 
~0. 3-0.5 dex, especially for luminous galaxies. This figure il- 
lustrates clearly above 12 + log O/H ~ 8.5 and Mg < -19 - -20 
significant discrepancies between oxygen abundances obtained 
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Fig. 9. Oxygen abundance vs absolute magnitude for the same galaxies as in Fig.|5]but all our galaxies including the SDSS sample 
are shown by small filled circles. Additionally, some well known metal-poor galaxies, intermedia te- and high-redshift galaxies are 
shown by symbols as labelled in the figure. The position of the Lyman break galaxies (LBGs) bv lPettini et al. I (1200 ll) is indicated 
by the dotted fine rectangle. The thick solid line is a mean least-squares fit to all our data. The thin s olid line is a least-squa res fit 
to the data by [Richer & McCall I (Il995h while the dotted line is a mean least-squares fit to the data by Skillman et al. I ( Il989l) . The 
dashed line is the luminosity-metallicity relation for local metal-poor BCDs obtained bv lKunth & Ostlin"! (|2000|) . 



from the Tg-method and empirical methods. IStasiriskal (|2002|) 
emphasized that, at high metallicity, the Tg derived from [O ill] 
/14363 would largely overestimate the temperature of the O^^ 
zone (and largely underestimate the metallicity) because cooling 
is dominated by the [O ill] A5 2 a nd [O ill] /188 yum lines. At 
the same time iPilvugin et al. I ( |2007|) demonstrated that there is 
an observational limit of the highest possible metallicities near 
12 + log O/H ~ 8.95. This maximum value was determined in 
the centers of the most luminous (- 22.3 ^ Mb $ -2 0.3) galaxies 
using the semiempirical ff-method ( iPilvugin et al. L|2()06.) . Thus, 
although the main mechanisms determining the electron temper- 
ature in H 11 nebulae have been known for a long time, there are 
still important unsolved problems. 

The contribution of star-forming regions to the light of the 
galaxy can be quantified by the equivalent width EW(H;6) of 
the Hfi emission line which in turn depends on the age of the 
burst of star formation. In Fig. [8] we show the same samples 
as in Fig. |5] except for the SDSS galaxies now being split into 
two subsamples. In the left panel only those with high equiva- 
lent widths EW(HjS) > 80A are shown while in the right panel 
only SDSS galaxies with low equivalent widths EW(Hj6) < 20A 



are plotted. The dotted line in the left and right panels is a 
mean least-squares fit to all our data shown in Fig. |5] while 
the solid line is a mean least-squares fit to the same data ex- 
cluding "branch" galaxies. There is a clear difference between 
the two subsamples of the SDSS galaxies by ~ 0.4 dex in oxy- 
gen abundance or, equivalently, by ~ 3 mag in absolute magni- 
tude. SDSS galaxies with EW(Hy8) > 80A nicely follow the rela- 
tion for our dwarf low-metallicity emission-line galaxies shown 
as reference objects by filled and open circles, stars, filled tri- 
angles and large filled circles. On the other hand, the SDSS 
galaxies with EW(HjS) < 20A are located systematically above 
the low-metallicity galaxies. We propose two possible expla- 
nations for such a difference between the two subsamples of 
SDSS galaxies: 1) the emission of the SDSS galaxies with high 
EW(Hj6) is dominated by star-forming regions, therefore they 
have higher luminosities compared to galaxies in a relatively qui- 
escent stage; 2) SDSS galaxies with low EW(Hj6) are the ones 
with higher astration level, therefore they are more chemically 
evolved systems with higher oxygen abundances. Perhaps both 
of these explanations are tenable, accounting for the observed 
differences between SDSS galaxies with high and low EW(Hj6). 
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Thus, the lowest-metallicity SDSS galaxies are found predomi- 
nantly among galaxies with high EW(Hj6). On the other hand, no 
extremely low-metallicity SDSS galaxies are found among sys- 
tems with EW(Hy8) < 20A. Thus, mixing of the SDSS galaxies 
with EW(HyS) < 20A and > 80A results in a significant increase 
of the dispersion of the luminosity-metallicity diagram. 

The redshift of the galaxy could also play a role. In Fig. [5] 
the bulk of the galaxies with 12H-log(O/H)=8.0 - 8.3 and abso- 
lute magnitudes between -19 and -21 mag (denoted as "branch" 
galaxies) is represented by higher-redshift systems as compared 
to other galaxies from the SDSS and a correction for redshift is 
required. Since "branch" galaxies are blue, a correction for red- 
shift for systems with weak emission lines would increase their 
brightness by ~ 0. 1 - 0.3 mag. This will not be enough to remove 
the offset between "branch" galaxies and lower-redshift galaxies 
in Fig.|5] The situation is more complicated for "branch" galax- 
ies with strong emission lines since their effect on the apparent 
magnitudes of a galaxy in st andard passbands will sig nificantly 
depend on redshift (see e.g. IZackrisson et al. L |2008|) Because 
of these reasons, we decided not to take into account corrections 
for redshift. 



4.2. Comparison of our sample with otiier data 

In Fig. |9] we compare our L-Z relation with other pub- 
lished data for galaxies of different types. In this Figure, all 
of our galaxies from Fig. |5] including those from the compar- 
ison SDSS sample, are shown by small filled circles. Some well 
known metal-poor galaxies are depicted by large filled circles 
and are labelled. The ir absolute magnitudes Mb are taken from 
iKewley et al. I (20071). For c omparison, 23 KISS emission-line 
galaxies bv lLee et al. I ( |2004|) are displayed with large open dou- 
ble circles. The abundances for these galaxies are derived with 
the Te -met hod, the jj-band magnit udes are from ISalzer et al. I 
(119891) and lGildePaz et al. I (|2003|) . With open double squares 
we show 25 nearby dirrs with the 4.5//m Spitzer luminosi- 
ties and compiled O/H abundances derived with the Tg-method 
dLee et al . , 2006). With large open circles an d large crosses 



we res pectively show 20 irregular galaxies fr omlSkilhnan et al 



1989) and 21 dwarf irregular galaxies from iRicher & McCall 



1995h for which oxygen abundances are obtained mainly with 



the /?23 empirical method, and for a few objects only with the 
Te-method. The thick solid line is a mean least-squares fit to all 
our data. The thin solid U ne is a least-squares fit to the data by 
[Richer & McCall I d 19951) while the dotted Une is a mean least- 
squares fit to the data bv lSkillman et al. I (Il989l) . The dashed line 
is the lumin osity-m etallicity relation for local metal-poor BCDs 
obtained bv lKunth & Ostlin (2000i). 

Data for intermediate- and high-redshift galaxies are also 
shown. The m ost distant (z < 1} extremely metal-poor galax- 
ies (XMPGs) iKakazu et aTl ^007) with the oxygen abun- 
dances derived with the empirical method are shown with 
filled square s, while relat i vely m etal-poor luminous galaxies 
at z ~ 0.7 ( iHovos et al. L l2005h (O/H derived with the T^- 
method) with filled triangles. The remaining samples in Fig. 
|9] are the following: a) the l arge open circles correspo nd to 
the z = 3.36 lensed galaxy dVillar-Martm et al. L |2004 and 
to the average posi tion of luminous Lyman-br eak galaxies at 
redshifts z ~ 2.5 (iKobulnickv & Koo L |2000|) (O/H derived 
with the R23 method); b) small open circles st and for 66 
Canad a-France Redshift Survey (CFRS) galaxies bv lLillv et al. I 
(l2003h in the redshift range of ~ 0.5 - 1.0 (O/H derived 
with the R23 empirical method); c) asterisks are for 204 



GOODS-N (Great Observatories Origins Deep Survey - North) 
emission-line galaxies i n the r ange of redshifts 0.3 < z < 1.0 
(Kobulnicky & Kewley i |2004 (O/H is derived with the R23 
empirical method); d) small open rombs indicate 64 emission- 
line field galaxies from the Deep Extragalactic Evolutionary 
Probe Groth Strip Survey (DGSS) i n the redshift range of 
~ 0.3 - 0.8 ( IKobulnickv et al. L l2003b (O/H derived with the 
/?23 empirical method); e) open squares are fo r the gamma- 
ray burst (GRB) hosts by iKewlev etaTI ( |2007[) . Small open 
squares are for galaxies with O/ H derived with the empirical 
method dKewlev & DopitaTl2002l) and large open squares for the 
galaxies with O/H derived with the Te-method dKewlev et al. L 
i2007i) ; f) filled stars denote the 14 star-forming emission- 
line galaxies at interm e diate redshifts (0.11 < z < 0.5) by 
IKobulnickv & Zaritsky] d 19991) (O/H derived with the empir- 
ical R23 method); g) open filled triangles are for 29 distant 
15/im-selected luminous infrare d galaxies (L I RGs) at z ~ 0.3 
- 0.8 taken from the sample of iLiang et aU (|2004|) (O/H de- 
rived with the empirical method); and, finally, h) the large dotted 
rectangle depicts the position of Lyman break galaxies (LBGs, 
Pettini et al. , 2001) on the L-Z diagram. 

The location of our galaxies on the luminosity-metallicity di- 
agram is similar to that obtained previously for local emission- 
line galaxies but is shifted to higher luminosities and/or lower 
metallicities compared to that obt ained for quiesce nt irregu- 
lar dwarf galaxies. For comparison. iLee et al. 1 (12004 have also 
demonstrated that their 54 H II KISS galaxies with O/H derived 
with the Tg-method follow the L - Z relation with a slope similar 
to that for a more quiescent dIrrs but are shifted to higher bright- 
ness by 0.8 magnitudes. Furthermore, they have shown that H 
II galaxies with disturbed irregular outer isophotes (likely due 
to the interaction) are shifted to a more luminous and/or more 
metal-poor region in the L-Z diagram as compared to mor- 
phologically more regular galaxies. Note that their samples of H 
II galax ies and of dIrrs a r e in th e same luminosity range as our 
sample. iPapaderos et al. 1 d2008h also note that in contrast to the 
majority (>90%) of BCDs, the extremely metal-poor SF dwarfs 
reveal more irregular and bluer hosts. 

Thus, the difference in the zero point between our L-Z rela- 
tion for low-metallicity galaxies and for other galaxies seems to 
be primarily due to the differences in the intrinsic properties of 
the galaxies selected for different samples with various selection 
criteria. 

A key question is whether a unique L-Z relation does ex- 
ist for galaxies of different types. The assessment of this issue 
is complicated by offsets of high -redshift galaxies with dif ferent 
look-back-times. In this context. fKobulnickv et al. I (|2003|) have 
shown that both the slopes and zero points of the L-Z rela- 
tion exhibit a smooth evolution with redshift. A possible univer- 
sal L - Z relation for galaxies is also blurred by the fact that 
metallicity determinations of various galaxy samples, differing 
in their EW(Hy6), absolute magnitude and redshift, do not em- 
ploy a unique technique. More specifically, several authors em- 
phasize the presence of a well-known shift between the O/H ra- 
tio obtained by the direct Tg-method and empirical strong-line 
methods. Oxygen abu ndances obtained by empirical methods 
are by 0.1 -0.25 dex (IShi et al. L |2005|) and even by up to 0.6 
dex (iHovos et al. 1120051) ^ higher than those obtained with the Tg- 
method. For our sample we obtained an offset of -0.3-0.5 dex. 

It can be seen from Fig.|9]that the high-redshift galaxies with 
an oxygen abundance derived by the Tg -method have a shallower 
slope compared to local galaxies. On the other hand, oxygen 
abundances of high-redshift galaxies obtaine d with the R23 em- 
pirical strong-line method (data in Fig.|9]by iLillv et alTl 120031; 
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iKobulnickv & KewlevLl200llLiang et £17112004 are higher and 
follow the relation for high-metallicity SDSS galaxies in Fig. 
[TJj despite the fact that oxygen abundances for the latter galax- 
ies were calculated with the different semi-empirical strong- 
line method. Because of this agreement we decided not to re- 
calculate oxygen abundances of high-redshift galaxies with the 
semi-empirical method and adopted O/H values from the litera- 
ture. Keeping in mind the systematic differences between oxy- 
gen abundances derived with the empirical and the Tg-methods, 
it might be worth considering a decrease in oxygen abundance 
by ~ 0.2 - 0.6 dex for all high-redshift galaxies with O/H de- 
rived with the empirical method. In that case, the position of 
high-redshift galaxies on the L-Z diagram would be consistent 
with that of the "branch" galaxies. S uch considerations add fur- 
ther support to th e results obtained bv lPilvugin et al. I ( |2004|) and 
IShi et al. I (|2005|) that the more luminous galaxies have a slope of 
the L-Z relation more shallow than that of the dwarf galaxies. 

We presume that our L-Z relation could be useful as a lo- 
cal reference for studies of this relation for other types of local 
galaxies and/or of high-redshift galaxies. 



5. Summary 

We present VLT spectroscopic observations of a new sample of 
28 H II regions from 16 emission-line galaxies and ESO 3.6m 
telescope spectroscopic observations of a new sample of 38 H 
II regions from 28 emission-line galaxies. These galaxies have 
mainly been selected from the Data Release 6 (DR6) of the Sloan 
Digital Sky Survey (SDSS) as low-metallicity galaxy candidates. 

Physical conditions and element abundances are derived 
with the Te-method for 38 H II regions observed with the 3.6m 
telescope and for 23 H II regions observed with the VLT. 

From our new observations we find that the oxygen abun- 
dance in 61 out of the 66 observed H II in our sample ranges 
from 12 H- log O/H = 7.05 to 8.22. The oxygen abundance in 
27 H II regions is 12 H- log O/H < 7.6 and among them 10 H II 
regions have an oxygen abundance less than 7.3. 

This new data in combination with objects from our previous 
studies constitute a large uniform sample of 154 H II regions 
with high-quality spectroscopic data which are used to study the 
luminosity-metallicity (L-Z) relation for the local galaxies with 
emphasis on its low-metallicity end. 

As a comparison sample we use ~ 9000 SDSS emission-line 
galaxies with higher oxygen abundances which are also obtained 
mainly by the direct Lg-method. For all of our sample galaxies 
the g magnitudes are taken from the SDSS while the distances 
are from the NED. The entire sample spans nearly two orders of 
magnitude with respect to its gas-phase metallicity, from 12 H- 
log O/H ~ 7.0 to ~ 8.8, and covers an absolute magnitude range 
from Mg ~ -12 to ~ -20. 

We find that the metallicity-luminosity relation for our galax- 
ies is consistent with previous ones obtained for objects of sim- 
ilar type. The local L-Z relation obtained with high-quality 
spectroscopic data is useful for predictions of galaxy evolution 
models. 
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Table 1. List of galaxies observed with the 3.6m ESO telescope 



Galaxy 






R.A., Dec. 
(J2000) 






Date 
(2007) 


Exp. time 
(sec) 


Airmass 


seeing 


redshift 


J0015+0104 


00^ 


15'"20^7 , 


or 04' 37" 


14 Sep 


4x900 


1.207 


1'.'74 


0.00689 ± 0.00021 


JOO 16+0 108 


00 


16 


28. 3, 


01 


08 


02 


15 Sep 


4x675 


1.306 


1'.'90 


0.01035 + 0.00006 


J0029-0108 


00 


29 


04. 7, 


-01 


08 


26 


16 Sep 


4x450 


1.614 


1'.'88 


0.01313 ±0.00006 


J0029-0025 


00 


29 


49. 5, 


-00 


25 


40 


14 Sep 


4x900 


1.142 


1'.'72 


0.01440 ± 0.00013 


0057-0022 


00 


57 


12. 6, 


-00 


21 


58 


16 Sep 


4x900 


1.525 


1'.'47 


0.00956 + 0.00023 


JO 107+0001 


01 


07 


50. 8, 


00 


01 


28 


16 Sep 


3x267 


1.188 


1'.'41 


0.01835 + 0.00012 


JO 109+0 107 


01 


09 


08. 0, 


01 


07 


16 


15 Sep 


4x900 


1.174 


1'.'54 


0.00396 + 0.00013 


J0126-0038 No.l 


01 


26 


46. 1, 


-00 


38 


39 


16 Sep 


4x900 


1.332 


1'.'36 


0.00632 + 0.00010 


J0126-0038 No.2 


01 


26 


46. 1, 


-00 


38 


39 


16 Sep 


4x900 


1.332 


1'.'36 


0.00642 + 0.00016 


J0135-0023 


01 


35 


44. 0, 


-00 


23 


17 


14 Sep 


4x900 


1.142 


2'.'33 


0.01708 + 0.00006 


J02 13-0002 No.l 


02 


13 


57. 7, 


-00 


02 


56 


16 Sep 


4x900 


1.252 


1'.'52 


0.03640 + 0.00008 


J0213-0002 No.2 


02 


13 


57. 7, 


-00 


02 


56 


16 Sep 


4x900 


1.252 


1'.'52 


0.03635 +0.00011 


J0216+0115 No.l 


02 


16 


29. 3, 


-01 


15 


21 


15 Sep 


4x900 


1.223 


2'.' 02 


0.00939 + 0.00004 


J0216+0115 No.2 


02 


16 


29. 3, 


01 


15 


21 


15 Sep 


4x900 


1.223 


2'.' 02 


0.00940 + 0.00004 


096632 


02 


51 


47. 5, 


-30 


06 


32 


15 Sep 


4x900 


1.400 


2'.' 28 


0.00354 ± 0.00009 


J0252+0017 


02 


52 


16. 8, 


00 


17 


41 


16 Sep 


3x800 


1.165 


1'.'38 


0.00527 + 0.00011 


J0256+0036 


02 


56 


28. 3, 


00 


36 


28 


14 Sep 


4x900 


1.150 


2'.'47 


0.00919 + 0.00013 


J0303-0109 No.l 


03 


03 


31. 3, 


-01 


09 


47 


14 Sep 


2x800 


1.170 


2'.'43 


0.03055 ±0.00011 


J0303-0109 No.2 


03 


03 


31. 3, 


-01 


09 


47 


14 Sep 


2x800 


1.170 


2'.'43 


0.03039 ± 0.00017 


J0341-0026 No.l 


03 


41 


18. 1, 


-00 26 


28 


16 Sep 


3x800 


1.198 


1'.'46 


0.03080 ± 0.00020 


J0341-0026 No.2 


03 


41 


18. 1, 


-00 


26 


28 


16 Sep 


3x800 


1.198 


1'.'46 


0.03045 ± 0.00008 


J0341-0026 No.3 


03 


41 


18. 1, 


-00 


26 


28 


16 Sep 


3x800 


1.198 


1'.'46 


0.03047 ± 0.00008 


G1815456-670126 


18 


15 


46. 5, 


-67 


01 


23 


14 Sep 


4x900 


1.280 


2'.' 00 


0.01131 ±0.00008 


G2052078-691229 No.l 


20 


52 


07. 1, 


-69 


12 


30 


16 Sep 


3x800 


1.328 


1'.'50 


0.00212 ± 0.00008 


G2052078-691229 No.2 


20 


52 


07. 1, 


-69 


12 


30 


16 Sep 


3x800 


1.328 


1'.'50 


0.00203 ±0.00011 


J2053+0039 


20 


53 


12. 6, 


00 


39 


15 


15 Sep 


4x525 


1.219 


1'.'55 


0.01328 ± 0.00007 


J2105+0032 No.l 


21 


05 


08. 6, 


00 


32 


23 


14 Sep 


3x800 


1.408 


1'.'45 


0.01431 ±0.00003 


J2105+0032 No.2 


21 


05 


08. 6, 


00 


32 


23 


14 Sep 


3x800 


1.408 


1'.'45 


0.01436 ± 0.00013 


J21 12-0016 No.l 


21 


12 


00. 8, 


-00 


16 


49 


15 Sep 


3x800 


1.441 


1'.'32 


0.01195 ±0.00015 


J21 12-0016 No.2 


21 


12 


00. 8, 


-00 


16 


49 


15 Sep 


3x800 


1.441 


1'.'32 


0.01215 ±0.00021 


J/1 19-U/3/ 


T 1 

21 


19 


42. 4, 


-07 


32 


24 


14 oep 


i X sUU 


1.130 


1. /a 


U.UU9DD ± U.UUUOo 


J2 120-005 8 


21 


20 


25. 9, 


-00 


58 


27 


15 Sep 


4x900 


1.172 


1'.'54 


0.01979 ± 0.00004 


J2150+0033 


21 


50 


32. 0, 


00 


33 


05 


15 Sep 


3x800 


1.155 


2'.' 32 


0.01508 ± 0.00003 


G2155572-394614 


21 


55 


57. 9, 


-39 


46 


14 


15 Sep 


3x900 


1.241 


1'.'90 


0.00740 ± 0.00008 


J2227-0939 


22 


27 


30. 7, 


-09 


39 


54 


14 Sep 


3x800 


1.060 


2'.' 14 


0.00528 ± 0.00007 


PHL 293B 


22 


30 


36. 8, 


-00 


06 


37 


14 Sep 


4x900 


1.230 


1'.'35 


0.00537 ± 0.00004 


J23 10-0109 No.l 


23 


10 


42. 0, 


-01 


09 


48 


16 Sep 


3x800 


1.471 


1'.'45 


0.01254 ± 0.00008 


J23 10-0109 No.2 


23 


10 


42. 0, 


-01 


09 


48 


16 Sep 


3x800 


1.471 


1'.'45 


0.01232 ± 0.00009 
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Table 2. List of galaxies observed with the VLT" 



Galaxy 






R.A., Dec. 
(J2000) 






Date 


Exp. time 

(sec) 


Airmass 


seeing 


redshift 


J0004+0025 No.l 


00''04"'2P.6 , 


00°25'36" 


20.10.2006 


2x750 


1 


246 


a' 60 


0.01269 


± 


0.00004 




















2x540 


1 


181 


a' 37 


0.01269 


± 


0.00004 


J0004+0025 No.2 


00 


04 


21. 


6, 


00 


25 


36 


20.10.2006 


2x750 


1 


246 


a' 60 


0.01266 


± 


0.00003 




















2x540 


1 


181 


0'.'37 


0.01266 


± 


0.00003 


J0014-0044NO.1 


00 


14 


28. 


8, 


-00 


44 


44 


19.11.2006 


2x750 


1 


158 


1'.'22 


0.01361 


± 


0.00004 




















2x540 


1 


217 


a' 93 


0.01361 


± 


0.00004 


J0014-0044 No.2 


00 


14 


28. 


8, 


-00 


44 


44 


19.11.2006 


2x750 


1 


158 


1'.'22 


0.01379 


± 


0.00002 




















2x540 


1 


217 


a'93 


0.01379 


± 


0.00002 


J0202-0047 


02 


02 


38. 


0, 


-00 


47 


44 


13.01.2007 


2x750 


1 


211 


1'.'85 


0.03371 


± 


0.00003 




















2x540 


1 


294 


1'.'63 


0.03371 


± 


0.00003 


J0301-0059 No.l 


03 


01 


26. 


3, 


-00 


59 


26 


13.12.2006 


2x750 


1 


140 


1'.'46 


0.03841 


± 


0.00000 




















2x540 


1 


191 


1'.'38 


0.03841 


± 


0.00000 


J0301-0059 No.2 


03 


01 


26. 


3, 


-00 


59 


26 


13.12.2006 


2x750 


1 


140 


1'.'46 


0.03822 


± 


0.00002 




















2x540 


1 


191 


1'.'38 


0.03822 


± 


0.00002 


J0301-0059 No.3 


03 


01 


26. 


3, 


-00 


59 


26 


13.12.2006 


2x750 


1 


140 


1'.'46 


0.03807 


± 


0.00008 




















2x540 


1 


191 


1'.'38 


0.03807 


± 


0.00008 


J03 15-0024 No.l 


03 


15 


59. 


9, 


-00 


24 


26 


26.11.2006 


2x 1500 


1 


145 


1'.'32 


0.02247 


± 


0.00005 




















2x 1080 


1 


197 


1'.'08 


0.02247 


± 


0.00005 


J03 15-0024 No.2 


03 


15 


59. 


9, 


-00 


24 


26 


26.11.2006 


2x 1500 


1 


145 


1'.'32 


0.02261 


± 


0.00006 




















2x 1080 


1 


197 


1'.'08 


0.02261 


± 


0.00006 


J0338-I-0013 (BG) 


03 


38 


12. 


2, 


00 


13 


13 


25.11.2006 


2x750 


1 


207 


0'.'76 


0.39695 


± 


0.00000 




















2x540 


1 


284 


^'70 


0.39695 


± 


0.00000 


J0338-I-0013 


03 


38 


12. 


2, 


00 


13 


13 


25.11.2006 


2x750 


1 


207 


a' 76 


0.04266 


± 


0.00002 




















2x540 


1 


284 


0'.'70 


0.04266 


± 


0.00002 


G0405204-364859 No.l 


04 


05 


18. 


6, 


-36 


48 


49 


15.11.2006 


2x750 


1 


033 


I'.'ll 


0.00281 


± 


0.00004 




















2x540 


1 


054 


I'.'OO 


0.00281 


± 


0.00004 


G0405204-364859 No.2 


04 


05 


18. 


6, 


-36 


48 


49 


15.11.2006 


2x750 


1 


033 


1" 1 1 


0.00275 


± 


0.00003 




















2x540 


1 


054 


I'.'OO 


0.00275 


± 


0.00003 


G0405204-364859 No.3 


04 


05 


18. 


6, 


-36 


48 


49 


15.11.2006 


2x750 


1 


033 


I'.'ll 


0.00276 


± 


0.00003 




















2x540 


1 


054 


I'.'OO 


0.00276 


± 


0.00003 


G0405204-364859 (BG) 


04 


05 


18. 


6, 


-36 


48 


49 


15.11.2006 


2x750 


1 


033 


I'.'ll 


0.17236 


± 


0.00000 




















2x540 


1 


054 


I'.'OO 


0.17236 


± 


0.00000 


J05 19-1-0007 


05 


19 


02. 


7, 


00 


07 


29 


16.11.2006 


2x750 


1 


220 


1'.'03 


0.04438 


± 


0.00002 




















2x540 


1 


166 


1'.'27 


0.04438 


± 


0.00002 


J2104-0035 No.l 


21 


04 


55. 


3, 


-00 


35 


22 


12.10.2006 


2x750 


1 


099 


1'.'48 


0.00469 


± 


0.00002 




















2x540 


1 


096 


1'.'40 


0.00469 


± 


0.00002 


J2104-0035 No.2 


21 


04 


55. 


3, 


-00 


35 


22 


12.10.2006 


2x750 


1 


099 


1'.'48 


0.00469 


± 


0.00001 




















2x540 


1 


096 


1'.'40 


0.00469 


± 


0.00001 


J2104-0035 No.3 


21 


04 


55. 


3, 


-00 


35 


22 


12.10.2006 


2x750 


1 


099 


1'.'48 


0.00471 


± 


0.00005 




















2x540 


1 


096 


1'.'40 


0.00471 


± 


0.00005 


J2104-0035 No.4 


21 


04 


55. 


3, 


-00 


35 


22 


12.10.2006 


2x750 


1 


099 


1'.'48 


0.00472 


± 


0.00003 




















2x540 


1 


096 


1'.'40 


0.00472 


± 


0.00003 


J2302-I-0049 No.l 


23 


02 


10. 


0, 


00 


49 


39 


12.10.2006 


2x750 


1 


170 


1'.'18 


0.03312 


± 


0.00002 




















2x540 


1 


132 


1'.'23 


0.03312 


± 


0.00002 


J2302-I-0049 No.2 


23 


02 


10. 


0, 


00 


49 


39 


12.10.2006 


2x750 


1 


170 


1'.'18 


0.03311 


± 


0.00002 




















2x540 


1 


132 


1'.'23 


0.03311 


± 


0.00002 


J2324-0006 


23 


24 


21. 


3, 


-00 


06 


29 


12.10.2006 


2x750 


1 


102 


1'.'55 


0.00896 


± 


0.00002 




















2x540 


1 


119 


1'.'53 


0.00896 


± 


0.00002 


J/354-OOUj No.l 


23 


54 


37. 


3, 


-00 


05 


02 


15. lU.zOOo 


1 X IDOO 


1 


502 


U. /4 


0.00771 


± 


0.00003 




















2x 1080 


1 


362 


^'77 


0.00771 


± 


0.00003 


J2354-0005 No.2 


23 


54 


37. 


3, 


-00 


05 


02 


15.10.2006 


2x 1500 


1 


502 


a' 74 


0.00798 


± 


0.00004 




















2x 1080 


1 


362 


a' 77 


0.00798 


± 


0.00004 


J2354-0005 (BGl) 


23 


54 


37. 


3, 


-00 


05 


02 


15.10.2006 


2x 1500 


1 


502 


a' 74 


0.16534 


± 


0.00000 




















2x 1080 


1 


362 


0'.'77 


0.16534 


± 


0.00000 


J2354-0005 (BG2) 


23 


54 


37. 


3, 


-00 


05 


02 


15.10.2006 


2x 1500 


1 


502 


a'74 


0.16520 


± 


0.00000 




















2x 1080 


1 


362 


a' 77 


0.16520 


± 


0.00000 



"first line for each galaxy is related to the observation in the blue range and second line to the one in the red range. 
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Table 3. Emission line intensities (3.6m ESO observations) 



Ion 


/(,l)//(H/3) 


IU)/I{HJ3) 


I(A)/I(UJ3) 




i(,mm 


I(A}/I(UJ3) 


I(,l)/I(HJ3) 


/(/1)//(H/J) 










Galaxy 










J0015+0104 


JOO 16+0 108 


J0029-0108 


J0029-0025 


10057—0022 


J0107+0001 


J0109+0107 


J0126-0038 


















No.l 


3727 [O 11] 


118.7 ± 5.7 


221.2 ± 7.8 


171.6 ±30.8 


130.3 ± 7.8 


219.7 ± 5.4 


162.3 ± 13.6 


209.3 ± 4.3 


238.1 ±4.1 


3868 [Ne Hi] 










31.0 ±2.0 




30.1 ± 1.0 


38.5 ±0.9 


3889 He I + H8 










17.3 ± 1.8 




20.6 ± 1.6 


17.2 ±0.9 


3968 [Ne III] + H7 










16.1 ±1.9 




25.6 ± 1.5 


22.2 ± 0.9 


4101 Hi 










24.9 ±1.9 




24.9 ± 1.3 


24.8 ± 0.9 


4340 Hy 


49.3 ± 3.5 


47.0 ± 3.4 




43.9 ± 4.8 


47.2 ±1.9 




46.9 ± 1.4 


46.9 ± 1.0 


4363 [0 III] 










5.1 ± 0.1 




3.7 ±0.4 


6.9 ± 0.4 


4471 He 1 














2.6 ± 0.4 


2.4 ± 0.3 


4658 [Fe ill] 
















1.5 ±0.3 


4686 He 11 
















1.7 ±0.3 


4861 H/? 


100.0 ± 4.9 


100.0 ±4.2 


100.0 ± 15.0 


100.0 ±6.2 


100.0 ±2.6 


100.0 ± 8.0 


100.0 ±2.1 


100.0 ± 1.7 


4959 [O 111] 


20.1 ± 2.0 


61.1 ± 2.8 


48.1 ± 8.8 


38.8 ±3.2 


76.1 ± 2.0 


31.0± 3.3 


102.5 ±2.1 


139.7 ±2.3 


5007 [O 111] 


57.8 ± 2.8 


190.6 ± 6.1 


144.3 ± 22.7 


168.6 ±7.9 


219.4 ±4.8 


93.1 ±7.9 


305.1 ±5.6 


409.4 ± 6.4 


C(m° 


0.000 


0.000 


0.000 


0.000 


0.245 


0.000 


0.120 


0.410 




2.77 


4.66 


1.19 


2.16 


12.99 


2.88 


18.18 


75.47 


EW(H/3) (A) 


57.5 


20.4 


6.8 


53.8 


44.6 


87.7 


50.1 


48.7 


EW(abs) (A)° 


0.00 


0.00 


0.00 


2.00 


0.25 


2.00 


2.15 


0.70 










Galaxy 










JO 126-0038 


J0135-0023 


J0213-0002 


J0213-0002 


10216+01 15 


J0216+0115 


096632 


J0252+0017 




No.2 




No.l 


No.2 


No.l 


No.2 






3727 [O 11] 


224.9 ± 6.3 


177.9 ± 10.0 


182.2 ±9.8 


291.0 ± 16.6 


225.2 ± 8.7 


236.5 ± 12.4 


306.5 ± 6.9 


257.0 ±26.1 


3868 [Ne ill] 














8.4 ± 0.9 




4101 Hi 


24.8 ± 2.2 












29.7 ± 1.7 




4340 Hy 


44.8 ± 2.2 


44.0 ± 5.8 


47.1 ±5.0 


47.3 ± 7.3 


49.3 ± 3.9 




48.1 ± 1.8 




4861 H^ 


100.0 ± 3.0 


100.0 ±6.7 


100.0 ± 6.6 


100.0 ±7.6 


100.0 ±4.6 


100.0 ± 10.0 


100.0 ± 2.4 


100.0 ± 10.0 


4959 [0 HI] 


59.3 ± 1.9 


43.5 ± 3.5 


97.0 ± 5.8 


115.6 ±7.2 


83.8 ± 3.8 


42.1 ± 3.9 


35.2 ± 1.2 


71.7 ± 8.5 


5007 [0 HI] 


170.7 ± 4.3 


155.9 ± 7.9 


279.2 ± 13.1 


332.9 ± 16.7 


245.6 ± 8.3 


126.9 ± 6.7 


100.3 ± 2.3 


270.5 ±24.1 


C(m" 


0.000 


0.000 


0.000 


0.000 


0.000 


0.000 


0.000 


0.000 




7.47 


2.87 


2.54 


1.73 


3.11 


2.26 


10.20 


1.69 


EW(H,8) (A) 


45.6 


14.0 


52.1 


36.7 


17.2 


24.3 


48.3 


11.1 


EW(abs) (A)" 


2.00 


2.00 


2.00 


0.00 


0.00 


0.00 


2.00 


2.00 










Galaxy 










J0256+0036 


J0303-0109 


J0303-0109 


J034 1-0026 


J034 1-0026 


J034 1-0026 


G18 15-6701 


G2052-6912 






No.l 


No.2 


No.l 


No.2 


No.3 




No.l 


3727 [0 11] 


190.3 ± 5.1 


137.9 ±4.5 


170.4 ±22.5 


227.5 ± 13.6 


136.4 ± 5.9 


87.5 ± 5.0 


263.8 ± 4.4 


137.6 ± 2.1 


3750 H12 
















3.3 ± 0.2 


3771 Hll 
















3.8 ± 0.2 


3798 HIO 
















5.1 ± 0.2 


3835 H9 
















7.1 ± 0.2 


3868 [Ne 111] 


31.7 ± 1.7 


42.9 ± 2.2 










52.3 ± 1.1 


37.2 ±0.6 


3889 He I + H8 




30.6 ± 2.8 










17.5 ± 0.8 


19.3 ± 0.4 


3968 [Ne III] + H7 




36.4 ± 3.0 










25.7 ± 0.8 


27.2 ± 0.5 


4026 He I 
















1.5 ± 0.1 


4068 [S II] 
















1.3 ± 0.1 


4101 Hi 




33.8 ± 2.7 










23.7 ± 0.8 


25.9 ± 0.4 


4340 Hy 


47.8 ± 2.2 


47.0 ± 2.5 






45.4 ± 4.4 


50.0 ± 4.7 


46.9 ± 1.0 


46.6 ± 0.7 


4363 [O 111] 




8.2 ± 1.0 










8.7 ± 0.4 


4.1 ± 0.1 


4471 He I 














3.5 ± 0.4 


3.9 ±0.1 


4658 [Fe III] 














1.7 ±0.3 


0.3 ± 0.1 


4686 He II 














1.6 ±0.4 


0.3 ±0.1 


4711 [Ar IV] +He 1 
















0.7 ± 0.1 


4861 H/3 


100.0 ± 3.0 


100.0 ± 3.0 


100.0 ± 13.0 


100.0 ± 8.0 


100.0 ± 4.7 


100.0 ± 5.2 


100.0 ± 1.7 


100.0 ± 1.5 


4921 He 1 








18.9 ±2.8 








0.9 ±0.1 


4959 [O III] 


110.1 ± 3.0 


130.6 ± 3.5 


26.6 ±5.1 


68.0 ±4.9 


77.0 ± 3.5 


65.3 ±3.3 


171.5 ± 2.7 


160.5 ± 2.3 


5007 [O III] 


316.2 ±7.3 


368.4 ± 8.9 


79.9 ±11.6 


253.6 ± 13.9 


243.1 ± 8.4 


186.1 ± 7.6 


508.6 ±7.9 


481.2 ±7.0 


am" 


0.000 


0.515 


0.000 


0.000 


0.000 


0.000 


0.575 


0.390 




9.25 


11.86 


1.71 


4.49 


4.49 


3.54 


66.43 


448.40 


EW(H/3) (A) 


26.2 


95.0 


21.2 


27.5 


85.2 


145.8 


35.9 


221.4 


EW(abs) (A)" 


0.00 


1.50 


2.00 


0.00 


2.00 


2.00 


0.40 


0.75 










Galaxy 










G2052-6912 


J2053+0039 


J2105+0032 


J2105+0032 


J21 12-0016 


J2 112-0016 


J21 19-0732 


J2 120-005 8 




No.2 




No.l 


No.2 


No.l 


No.2 






3727 [O II] 


104.5 ± 1.6 


85.8 ± 8.2 


109.0 ± 8.3 


187.0 ± 10.8 


106.6 ± 2.1 


107.6 ±4.6 


16I.7±4.1 


252.5 ± 5.3 


3750 H12 


3.5 ± 0.1 
















3771 Hll 


4.1 ± 0.1 
















3798 HIO 


5.2 ± 0.2 
















3820 He 1 


1.1 ±0.1 
















3835 H9 


7.2 ± 0.2 
















3868 [Ne HI] 


47.9 ± 0.7 








42.7 ± 1.0 


25.7 ± 2.0 


38.5 ± 1.7 


39.9 ± 1.4 


3889 He 1 + H8 


18.1 ±0.3 








18.4 ±0.8 


18.0 ± 3.1 


24.5 ± 2.0 


22.5 ± 1.7 


3968 [Ne ill] + H7 


30.9 ± 0.5 








27.9 ± 1.0 


37.0 ± 3.3 




20.4 ± 1.7 


4026 He 1 


1.7 ±0.1 
















4068 [S 11] 


1.0 ±0.1 
















4101 HS 


25.9 ± 0.4 








25.8 ± 1.0 


41.1 ±2.4 


26.8 ± 1.8 


27.5 ± 1.5 


4340 Hy 


46.7 ± 0.7 








48.7 ± 1.1 


46.9 ± 3.0 


46.7 ± 1.8 


47.2 ± 1.6 


4363 [0 HI] 


6.7 ± 0.1 








5.3 ± 0.4 


5.5 ± 0.9 




7.8 ±0.8 


4387 He 1 


0.6 ± 0.1 
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Table 3. continued. 



Ion 




1{A}/I{tip) 


II i\/iii^p\ 


II i\/ iiup\ 

liAj/litip) 




II i\/IIUP\ 

HA)/ 11, tip) 


II i\/iiup\ 
nA)/ntip) 


ri )\/ nu p\ 
l{A)/l{Hp) 


4471 He I 


4.1 ± 0.1 








3.7 + 0.3 








4658 [Fe m] 


0.2 ±0.1 
















4711 [ArlV]+HeI 


1.4 ±0.1 
















4740 [Al- IV] 


0.6 ±0.1 
















4861 H/3 


100.0 ± 1.5 


100.0 ±9.0 


100.0 ± 8.0 


100.0 + 6.0 


100.0 ± 1.8 


100.0 ± 3.5 


100.0 ±2.6 


100.0 ± 2.2 


4921 He 1 


1.1 ± 0.1 
















4959 [0 III] 


207.9 ± 3.0 


75.2 ± 7.1 


71.2 + 5.3 


53.4 + 4.0 


189.9 ±3.2 


152.6 ±4.7 


137.3 ± 3.1 


102.4 ±2.1 


5007 [0 HI] 


623.9 ± 9.0 


216.5 ± 14.3 


263.8 ± 14.4 


165.6 + 8.1 


565.0 ±9.1 


454.1 + 12.5 


413.1 ± 8.6 


297.6 ± 5.6 


C(m" 


0.495 


0.000 


0.000 


0.000 


0.000 


0.245 


0.095 


0.415 




766.20 


1.58 


2.57 


2.36 


49.75 


7.37 


16.82 


15.15 


EW(H8) (A) 


395.9 


24.4 


18.2 


121.7 


95.2 


176.1 


52.8 


40.1 


EW(abs) (A)° 


1 .00 


2.00 


2.00 


2.00 


0.00 


4.15 


2.00 


0.90 










Galaxy 










J2 150+003 3 


G2155-3946 


J2227-0939 


PHL 293B 


J2310-0109 


J2310-0109 
















No.l 


No.2 






3727 [0 11] 


190.0 ± 7.3 


323.4 ± 10.2 


197.0 + 7.0 


65.7 + 1.1 


128.0 ±4.0 


177.4 + 6.0 






3750 H12 








5.0 + 0.4 










3771 Hll 








6.4 + 0.4 










3798 HIO 








8.2 + 0.4 










3835 H9 








8.4 + 0.4 










3868 [Ne 111] 




16.6 ± 1.9 


35.0 + 3.0 


41.0 + 0.7 


20.9 ± 1.4 


27.8 ± 1.9 






3889 He 1 + H8 






23.4 + 7.2 


21.4 + 0.5 










3968 [Ne Hi] + H7 






26.9 + 4.9 


28.9 + 0.6 










4101 m 




22.8 ± 4.6 


28.5 + 4.4 


25.7 + 0.5 










4340 Hy 


39.9 ± 3.4 


47.1 ± 3.0 


47.3 + 3.4 


47.4 + 0.8 


38.3 ± 2.7 


41.5 ± 3.4 






4363 [0 HI] 


7.3 ± 1.3 






12.3 + 0.3 




8.7 ± 1.3 






4471 He 1 








3.5 + 0.2 










4686 He li 








1.4 + 0.1 










4711 [Ai-lV]+HeI 








1.8 + 0.1 










4740 [Ar IV] 








1.1+0.1 










4861 H/3 


100.0 ± 4.6 


100.0 ± 3.8 


100.0 + 3.9 


100.0+1.5 


100.0 ± 3.3 


100.0 ± 3.8 






4959 [0 HI] 


86.9 ± 3.5 


59.3 ± 2.4 


128.2 + 4.3 


157.1+2.4 


122.1 ± 3.4 


115.5 ± 3.7 






5007 [0 HI] 


255.9 ± 8.4 


170.9 ± 5.1 


373.0+ 10.9 


466.7 + 7.0 


369.4 ± 9.0 


332.8 ± 9.2 






C(m" 


0.000 


0.000 


0.000 


0.305 


0.000 


0.000 








4.59 


10.53 


21.39 


107.50 


14.00 


9.26 






EW(H/3) (A) 


30.0 


13.8 


20.3 


117.2 


26.1 


30.5 






EW(abs) (A)" 


2.00 


2.00 


2.00 


1.50 


2.00 


2.00 







" zero value is assumed if a negative value is derived, 
in units of I0~^^ erg s~^ cm~". 
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Table 4. Emission line intensities (VLT observations) 



Ion 


I(,l)/I{HJ3) 




I(A)/I(H/3) 




l{X)ll{HP) 


I(,l)/I(HJ3) 


I(A)/I(HI3) 


I(A)/I(HI3) 










Galaxy 










J0004+0025 


J0004+0025 


J0014-0044 


J 0014-0044 


J 0202- 0047 


J030 1-0059 


J030 1-0059 


J030 1-0059 




No.l 


No.2 


No.l 


No.2 




No.l 


No.2 


No.3 


3727 [0 II] 


214.05 ± 11.27 


253.26 ± 13.99 


99.16 ± 1.73 


298.77 ± 9.30 


191.81 ± 3.50 


331.24 ± 6.29 


304.43 ± 6.86 


330.51 ±21.26 


3750 H12 






4.57 ± 0.56 












3771 Hll 






5.06 ± 0.52 




4.22 ± 0.66 








3798 HIO 






7.06 ± 0.52 




4.83 ± 0.67 








3835 H9 






8.66 ± 0.46 




5.85 ± 0.58 








3868 [Ne ill] 




33.25 ±4.96 


50.11 ± 0.85 




41.34 ± 0.92 


24.06 ± 0.98 


23.23 ± 1.72 




3889 He I + H8 






21.72 ± 0.55 




22A4 ± 0.72 


22.59 ± 1.80 






3968 JNe III] + H7 






32.07 ± 0.64 




28.21 ± 0.78 


25.37 ± 1.37 






4026 He I 






1.10±0.11 












4101 Hi5 






25.84 ±0.51 


28.41 ± 2.21 


25.71 ± 0.70 


28.75 ± 1.16 


28.14 ±2.37 




4340 Hy 


47.25 ± 3.35 


47.74 ± 3.21 


46.79 ± 0.77 


51.88 ± 1.98 


48.61 ± 0.93 


46.88 ± 1.15 


45.15 ± 1.68 




4363 [0 III] 






8.87 ± 0.18 




8.97 ± 0.37 


3.46 ± 0.42 


4.43 ± 0.92 




4387 He I 






0.57 ± 0.08 












4471 He I 






3.83 ± 0.12 




3.49 ± 0.26 








4711 [ArlV] +Hel 






1.08 ±0.09 












4740 [At IV] 






0.84 ± 0.07 












4861 US 


100.00 ± 3.77 


100.00 ± 3.98 


100.00 ± 1.49 


100.00 ± 2.52 


100.00 ± 1.60 


100.00 ± 1.81 


100.00 ±2.17 


100.00 ± 17.01 


4921 He I 






0.94 ± 0.06 












4959 [0 III] 


37.84 ± 1.98 


62.06 ± 2.64 


207.93 ± 3.04 


59.47 ± 1.64 


161.71 ± 2.50 


91.37 ± 1.62 


90.51 ± 1.93 


53.80 ±4.75 


4988 [Fe III] 






0.44 ±0.01 












5007 [0 III] 


108.99 ± 3.45 


183.91 ±5.64 


621.54 ±9.04 


175.13 ± 3.94 


495.48 ± 7.53 


275.10 ±4.60 


267.82 ± 5.17 


154.51 ± 8.64 


5015 He I 






0.90 ± 0.03 




2.20 ± 0.15 








5518 [CI III] 






0.38 ± 0.06 












5538 [CI III] 






0.61 ± 0.10 












5876 He I 






10.92 ±0.19 


13.81 ± 0.29 


10.96 ± 0.27 


9.94 ± 0.61 


11.70 ± 0.82 




6300 [0 I] 






1.92 ±0.06 




3.1 1 ±0.13 


9.14 ± 0.52 


9.57 ± 0.60 




6312 [S III] 






1.73 ± 0.06 




1.74 ± 0.1 1 


0.97 ± 0.02 






6363 [0 I] 






0.70 ± 0.05 




1.42 ±0.02 


2.73 ± 0.40 


2.72 ± 0.05 




6548 [N II] 






2.16 ±0.06 


10.39 ±0.88 


3.86 ±0.13 


6.66 ± 0.44 


7.77 ± 0.53 




6563 Ha 


269.07 ±8.14 


266.58 ± 8.43 


283.02 ± 4.47 


288.13 ± 6.59 


'^Ol Ac 1 A 

281.45 ± 4.63 


284.02 ±5.14 


281.73 ±5.83 


288.79 ± 19.92 


6583 [N II] 


15.55 ± 1.51 


12.75 ± 1.07 


5.73 ± 0.11 


zz. DO ± u.yv 


v.jy ± u.zi 


20.47 ± 0.54 


26.57 ± 0.81 


33.85 ± 3.43 


6678 He I 






3.05 ± 0.07 




-> AO _i_ n 11 

Z..\jy U. I 1 


1.83 ± 0.35 






6717 [S II] 


32.18 ± 1.51 


27.90 ± 1.41 


8.04 ±0.14 


31.47 ± 1.01 


16.63 ± 0.32 


42.25 ± 0.88 


47.03 ± 1.11 


63.87 ± 4.85 


6731 [S II] 


25.79 ± 1.51 


22.66 ± 1.32 


5.78 ± 0.11 


24.87 ± 0.91 


12.38 ±0.26 


29.45 ± 0.68 


32.66 ± 0.86 


44.23 ±4.15 


7065 He I 






2.45 ± 0.06 




1.66 ±0.09 


1.58 ±0.26 






7136 [Arm] 






6.61 ±0.12 




8.26 ±0.19 


6.60 ± 0.41 


7.65 ± 0.41 




7281 He I 






0.51 ±0.03 




0.92 ± 0.08 








7320 [0 11] 






1.51 ± 0.05 




2.16 ±0.09 








7330 [0 II] 






1.36 ±0.05 




1.85 ±0.07 








am" 


0.000 


0.000 


0.210 


0.030 


0.305 


0.215 


0.185 


0.110 


FCH^)* 


0.76 


0.80 


20.90 


0.81 


5.47 


5.40 


3.59 


0.38 


EW(H^) (A) 


22.5 


21.4 


275.7 


74.2 


132.6 


28.3 


13.6 


8.0 


EW(abs) (A) 


2.00 


2.00 


2.20 


2.00 


0.50 


1.95 


1.75 


2.00 










Galaxy 










J0315-0024 


J03 15-0024 


J0338+0013 


G0405-3648 


G0405-3648 


G0405^3648 


J05 19+0007 


J2104-0035 




No.l 


No.2 




No.l 


No.2 


No.3 




No.l 


3727 [0 II] 


174.28 ±5.19 


190.40 ±9.12 


60.18 ± 1.06 


129.50 ±5.31 


160.45 ± 3.75 


154.37 ± 3.90 


27.98 ± 0.47 


27.37 ± 0.97 


3750 H12 






3.59 ± 0.30 








3.13 ±0.18 


4.11 ±0.75 


3771 Hll 






3.80 ±0.29 








4.07 ± 0.18 


5.22 ± 0.73 


3798 HIO 






6.86 ± 0.30 








5.75 ± 0.18 


6.80 ± 0.66 


3820 He I 






2.00 ±0.18 








0.74 ± 0.09 




3835 H9 






8.51 ± 0.28 








7.26 ±0.19 


8.01 ± 0.61 


3868 [Ne III] 


8.88 ± 1.88 




41.54 ± 0.71 


9.66 ± 1.46 


11.59 ± 1.16 


14.90 ± 1.09 


35.86 ±0.56 


24.32 ± 0.53 


3889 He I + H8 


20.76 ±2.11 




18.64 ±0.41 


18.38 ±3.37 


18.70 ± 1.09 


20.05 ± 1.24 


17.21 ± 0.31 


22.61 ± 0.66 


3968 [Ne III] + H7 


16.88 ± 1.83 




28.87 ± 0.53 


17.38 ±2.88 


15.71 ± 1.02 


20.71 ± 1.21 


26.96 ± 0.44 


23.31 ± 0.65 


4026 He I 






2.82 ± 0.17 








1.55 ± 0.08 


2.12 ± 0.18 


4068 [S II] 






1.16 ±0.02 








0.65 ± 0.06 




4101 Hi5 


21.87 ± 1.58 




26.20 ± 0.47 


25.79 ± 1.85 


21.62 ±0.82 


24.52 ± 0.99 


25.67 ± 0.41 


25.83 ± 0.63 


4227 [Fe V] 














0.86 ±0.14 




4340 Hy 


49.15 ± 1.56 


50.73 ±4.71 


48.06 ± 0.76 


47.97 ± 1.55 


45.48 ± 1.00 


49.12 ± 1.13 


47.62 ± 0.71 


48.28 ± 0.82 


4363 [0 III] 


2.04 ± 0.74 




14.66 ± 0.27 


4.02 ± 0.76 


4.03 ± 0.36 


5.12 ±0.50 


15.04 ±0.24 


9.87 ± 0.20 


4387 He I 














0.37 ± 0.05 




4471 He I 






3.70 ±0.13 


2.18 ± 0.72 


3.54 ± 0.43 


2.63 ± 0.40 


3.60 ± 0.08 


3.65 ± 0.13 


4658 [Fe III] 






0.49 ± 0.06 








0.49 ± 0.04 




4686 He II 






1.15 ± 0.08 








1.52 ± 0.05 


0.65 ± 0.10 


4711 [Ar IV] + He I 






2.35 ± 0.09 








2.33 ± 0.06 


1.52 ±0.09 


4740 [Ar IV] 






1.40 ±0.07 








1.51 ± 0.06 


0.74 ± 0.10 


4861 H/3 


100.00 ± 1.95 


100.00 ± 4.69 


100.00 ± 1.48 


100.00 ± 2.03 


100.00 ± 1.70 


100.00 ± 1.77 


100.00 ± 1.44 


100.00 ± 1.50 


4921 He I 






1.27 ± 0.08 








0.98 ± 0.05 


1.11 ± 0.08 


4959 [0 III] 


53.68 ± 1.19 


51.95 ±2.12 


176.71 ± 2.58 


70.62 ±1.51 


48.62 ±0.91 


45.69 ± 0.93 


148.33 ± 2.13 


96.10 ± 1.41 


4988 [Fe III] 






0.54 ± 0.05 




1.96 ±0.31 




0.65 ± 0.04 


0.75 ± 0.13 


5007 [0 111] 


162.82 ± 2.95 


151.44 ±4.43 


530.20 ±7.71 


206.51 ±3.80 


140.34 ± 2.29 


137.62 ±2.33 


439.62 ± 6.30 


288.91 ± 4.20 


5015 He I 






2.59 ± 0.08 








0.97 ± 0.04 


1.64 ±0.18 


5755 [N II] 














0.15 ± 0.02 




5876 He I 


9.03 ± 0.55 




11.14±0.21 


8.41 ± 0.58 


9.77 ± 0.48 


5.72 ± 0.29 


11.60 ±0.18 


9.38 ±0.19 


6300 [0 I] 






1.72 ±0.07 




4.36 ±0.36 


2.75 ± 0.25 


1.07 ± 0.03 


0.49 ± 0.06 


6312 [S III] 






1.01 ± 0.07 








0.78 ± 0.02 


0.66 ± 0.06 


6363 [0 I] 






0.53 ± 0.05 








0.37 ± 0.02 




6548 [N II] 














1.17 ±0.03 




6563 Ha 


283.73 ± 5.33 


288.03 ± 8.76 


277.02 ± 4.37 


279.40 ± 5.45 


275.30 ± 4.73 


272.50 ± 4.83 


274.85 ± 4.27 


274.51 ±4.32 
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Table 4. continued. 



Ion 






I(A)/I(m 








/(.l)//(Hj3) 


/(.l)//(H/3) 


DJ5J [N IIJ 


o.oo ± U.jU 


1101 1 I A A 
I i.OJ ± I .44 


1 .d4 ± U.Uo 


5.41 ± 0.37 


A /1 _i_ n 1 T 
o.4o ± U.Jl 


5. 14 ± 0.23 


1 1 A _i_ A AC 


i\ ni _i_ i\ AA 
U.yj ± U.UO 


6678 He 1 


1.89 ±0.04 




2.69 ± 0.08 




2.31 ±0.24 


2.64 ± 0.22 


2.95 ± 0.05 


2.50 ± 0.07 


6717 [S II] 


8.51 ±0.36 


13.97 ± 1.68 


4.65 ±0.10 


13.04 ±0.55 


16.04 ± 0.40 


14.92 ± 0.39 


2.36 ± 0.04 


2.10 ±0.06 


6731 [S II] 


9.99 ± 0.33 


9.02 ± 0.97 


3.55 ± 0.09 


8.37 ± 0.42 


12.20 ± 0.35 


9.95 ± 0.30 


2.19 ±0.04 


1.57 ±0.06 


7065 He I 






4.94 ±0.10 


2.53 ± 0.33 


1.35 ±0.19 


1.90 ± 0.19 


6.54 ±0.11 


2.30 ± 0.06 


7136 [Ann] 






3.14 ±0.08 


3.69 ± 0.30 


2.82 ± 0.20 


2.33 ± 0.16 


2.36 ± 0.04 


1.25 ± 0.05 


7281 He I 
















0.72 ± 0.03 


7320 [0 II] 
















0.49 ± 0.03 


7330 [0 II] 
















0.25 ± 0.03 


CiH/})" 


0.135 


0.015 


0.245 


0.005 


0.000 


0.075 


0.285 


0.235 


FiH/Sf 


1.98 


0.42 


15.97 


3.05 


4.21 


3.55 


81.87 


19.30 


EW(H/3) (A) 


36.1 


23.1 


220.6 


18.3 


36.5 


38.7 


241.8 


213.6 


EW(abs) (A) 


1.15 


2.00 


0.80 


1.25 


0.65 


1.30 


0.65 


0.60 










Galaxy 










JI2104-OO35 


J2104-0035 


J2104-0035 


J2302+0049 


J2302+0049 


J2324-0006 


J2354-0004 






No.2 


No.3 


No.4 


No.l 


No.2 




No.l 




3727 [0 II] 


114.48 ± 11.06 


108.68 ±4.99 


88.02 ± 3.86 


59.42 ± 1.00 


190.27 ±4.15 


152.34 ± 2.43 


138.52 ± 11.46 




3750 H12 








3.18 ±0.25 




3.14 ±0.33 






3771 Hll 








4.04 ± 0.23 




3.83 ±0.33 






3798 HIO 








6.34 ± 0.24 




6.29 ± 0.32 






3820 He I 








1.21 ±0.14 










3835 H9 








7.43 ± 0.24 




7.53 ±0.31 






3868 [Ne III] 








45.23 ± 0.72 


40.05 ±1.31 


47.39 ± 0.75 






3889 He I + H8 




16.40 ± 1.55 


22.24 ± 1.54 


20.52 ± 0.39 


22.92 ± 1.37 


21.00 ±0.42 






3968 [Ne ill] + H7 




17.76 ± 1.60 


14.37 ± 1.37 


29.75 ± 0.50 


25.90 ± 1.29 


31.37 ±0.54 






4026 He I 








1.64 ±0.10 




1.84±0.11 






4068 [S II] 












1.19 ±0.09 






4076 [S II] 












0.41 ± 0.08 






4101 HS 




24.53 ± 1.22 


24.61 ± 1.15 


26.13 ± 0.43 


30.30 ± 1.24 


26.61 ± 0.45 


25.66 ± 2.60 




4340 Hy 


51.10 ±3.95 


49.03 ± 1.34 


48.00 ± 1.33 


47.28 ± 0.72 


46.12 ± 1.24 


47.16 ±0.71 


48.20 ± 2.01 




4363 [0 III] 




3.59 ± 0.65 


1.61 ±0.69 


14.90 ± 0.24 


6.28 ± 0.54 


9.47 ±0.16 


4.81 ± 1.57 




4387 He I 












0.31 ± 0.08 






4471 He I 








3.55 ± 0.09 




3.70 ± 0.08 






4658 [Fe III] 








0.49 ± 0.08 




0.59 ± 0.05 






4686 He II 








2.40 ± 0.08 




0.76 ± 0.05 






4711 [Anv] +Hel 








2.41 ± 0.08 




1.10 ±0.05 






4740 [Ar IV] 








1.41 ±0.07 




0.42 ± 0.04 






4861 H/3 


100.00 ± 3.67 


100.00 ±2.01 


100.00 ± 1.95 


100.00 ± 1.45 


100.00 ± 1.93 


100.00 ± 1.44 


100.00 ± 2.60 




4921 He I 








r\ OA 1 A AC 




1.02 ±0.05 






4959 [0 III] 


18.99 ± 1.81 


32.09 ± 0.90 


18.23 ±0.62 




105 76 + 1 96 


182.82 ± 2.62 


59.53 ±1.82 




4988 [Fe III] 








0.75 ± 0.05 


3.20 ±0.39 


0.87 ± 0.04 






5007 [0 III] 


59.43 ± 2.53 


94.72 ± 1.89 


60.24 ± 1.23 


567.92 ± 7.98 


315.09 ± 5.54 


543.75 ± 7.78 


166.78 ±3.88 




5015 He I 








1.78 ± 0.06 




0.96 ± 0.05 






5518 [CI III] 












0.25 ± 0.04 






5538 [CI III] 












0.22 ± 0.03 






5876 He I 


5.84 ± 0.74 


9.56 ±0.57 


9.39 ± 0.52 


10.00 ±0.18 


8.03 ± 0.45 


10.10 ± 0.16 


9.03 ± 0.67 




6300 [0 I] 








1.30 ±0.05 




2.69 ± 0.05 






6312 [S III] 








1.21 ±0.06 




1.66 ± 0.04 






6363 [0 I] 








0.48 ± 0.04 




0.97 ± 0.03 






6548 [N II] 












1.46 ±0.04 






6563 Ha 


288.62 ± 8.99 


273.23 ± 5.26 


276.97 ± 5.20 


277.79 ± 4.33 


280.05 ± 5.31 


281.56 ±4.37 


275.84 ± 6.36 




6583 [N II] 


4.92 ± 0.56 


4. 28 ± 0.38 


3.93 ± 0.26 


1.70 ±0.05 


6.61 ± 0.45 


,1 A y1 1 A AA 
4.94 ± U.U9 


4.85 ± U.46 




6678 He I 




3.66 ± 0.33 


2.53 ± 0.22 


2.18 ±0.05 


2.49 ± 0.20 


2.91 ± 0.06 






6717 [S II] 


12.66 ± 1.06 


8.30 ± 0.40 


8.87 ± 0.34 


4.47 ± 0.08 


16.91 ± 0.51 


11.75 ± 0.19 


12.16 ±0.69 




6731 [S II] 


10.50 ± 1.04 


4.19 ±0.29 


5.96 ±0.35 


3.48 ± 0.07 


11.47 ± 0.39 


8.79 ± 0.14 


6.55 ± 0.56 




7065 He I 








2.18 ±0.05 




2.43 ± 0.05 






7136 [Arm] 








3.41 ± 0.07 


4.56 ± 0.09 


5.80 ± 0.10 






7281 He I 








0.52 ± 0.03 




0.59 ± 0.02 






7320 [0 II] 








0.65 ± 0.03 




2.06 ± 0.04 






7330 [0 II] 








0.55 ± 0.03 




1.67 ±0.03 






am" 


0.015 


0.225 


0.205 


0.260 


0.195 


0.250 


0.080 




FCH/?)* 


1.10 


1.81 


2.02 


32.24 


2.59 


55.62 


1.05 




EW(H/3) (A) 


9.6 


36.3 


84.2 


199.4 


41.9 


219.5 


25.0 




EW(abs) (A) 


2.00 


0.65 


0.85 


0.10 


2.55 


0.15 


0.90 





" zero value is assumed if a negative value is derived. 
^ in units of 10"^^ erg s"' cm"^. 
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Table 5. Ionic and total heavy element abundances (3.6m ESO observations) 



Galaxy 



Property 


J0015+0104 


10016+01 08 


J0029-0108 


J0029-0025 


J0057-0022 


JO 107+0001 


J0109+0107 


J0126-0038 
No.l 


Tc(0 III) (K) 
r„(0 11) (K) 


20000 ± 1020 
16284 ± 1293 


17023 ± 1008 
15379 ± 1217 


18580 ± 1188 
15961 ± 1470 


19025 ± 1020 
16083 ± 1273 


16258 ±215 
15006 ± 180 


20000 ± 1054 
16284 ± 1336 


12337 ± 558 
12196 ±517 


14070 ±351 
13624 ± 313 


0+/H+ (xlO-*) 
0++/H+ (xlO-*) 
0+++/H+ (xlO<5) 
O/HCxlO*) 
12 + log(0/H) 


0.084 ±0.017 
0.033 ± 0.004 

0.117 ±0.017 
7.070 ± 0.063 


0.186 ±0.038 
0.153 ±0.022 

0.339 ± 0.044 
7.530 ± 0.056 


0.129 ±0.037 
0.096 ±0.019 

0.225 ± 0.042 
7.353 ± 0.080 


0.096 ±0.019 
0.099 ±0.013 

0.194 ±0.023 
7.289 ± 0.052 


0.199 ±0.008 
0.200 ± 0.007 

0.399 ±0.011 
7.601 ±0.012 


0.115 ±0.025 
0.053 ± 0.007 

0.168 ±0.026 
7.226 ± 0.066 


0.381 ±0.052 
0.571 ±0.076 

0.952 ± 0.092 
7.979 ± 0.042 


0.294 ± 0.020 
0.534 ± 0.036 
2.421 ±0.457 
0.852 ± 0.042 
7.931 ±0.021 


Ne++/H+ (xlO^) 
ICF 

log(Ne/0) 










0.660 ± 0.048 
1.213 
-0.697 ± 0.053 




1.498 ±0.220 
1.155 
-0.740 ±0.101 


1.247 ±0.092 
1.141 
-0.777 ± 0.049 


Galaxy 


Property 


J0126 ()038 
No. 2 


JO 135-0023 


J02 13-0002 
No.l 


J02 13-0002 
No.2 


J0216+0115 
No.l 


J0216+0115 
No.2 


096632 


J0252+0017 


7-,(0 III) (K) 
7-„(0 II) (K) 


17255 ± 1005 
15481 ± 1218 


18365 ± 1022 
15895 ± 1260 


16036 ± 1017 
14888 ± 1209 


14366 ± 1019 
13839 ± 1182 


16076 ± 1009 
14910 ± 1200 


17938 ± 1023 
15750 ± 1253 


17425 ± 1005 
15552 ± 1221 


15617 ± 1064 
14650 ± 1256 


0+/H+ (xK)-*) 
0++/H+ (xlO-*) 
0/H (xlO^) 
12 + log(0/H) 


0.185 ±0.037 
0.136 ±0.019 
0.321 ±0.042 
7.506 ± 0.057 


0.135 ±0.028 
0.102 ±0.014 
0.238 ±0.031 
7.376 ± 0.056 


0.169 ±0.037 
0.263 ± 0.043 
0.432 ± 0.057 
7.636 ±0.057 


0.341 ±0.084 
0.413 ±0.080 
0.754 ±0.1 16 
7.877 ± 0.067 


0.208 ± 0.045 
0.229 ± 0.036 
0.437 ± 0.058 
7.641 ±0.057 


0.185 ±0.038 
0.091 ±0.013 
0.276 ± 0.040 
7.441 ±0.063 


0.249 ± 0.049 
0.078 ±0.011 
0.327 ±0.051 
7.515 ±0.067 


0.251 ±0.063 
0.255 ± 0.048 
0.506 ± 0.079 
7.704 ± 0.068 


Ne++/H+ (xK)') 
ICF 

log(Ne/0) 














0.148 ±0.026 
1.408 
-1.195 ±0.233 




Galaxy 


Property 


J0256+0036 


J0303-0109 
No.l 


J0303-0109 
No.2 


J034 1-0026 
No.l 


J034 1-0026 
No.2 


J034 1-0026 
No.3 


G1815-6701 


G2052-6912 
No.l 


TcCO III) (K) 
7-,(0 II) (K) 


15446 ± 1004 
14548 ± 1183 


15850 ±960 
14784 ±816 


20000 ± 1143 
16284 ± 1449 


16136 ± 1023 
14942 ± 1218 


17233 ± 1010 
15472 ± 1223 


19005 ± 1014 
16078 ± 1264 


14202 ± 308 
13721 ±273 


10991 ± 110 
11007± 105 


0+/H+ (xlO") 
0++/H+ (xlO") 
0+++/H+ (xlO'*) 
O/HCxlO") 
12 + log(0/H) 


0.190 ±0.042 
0.327 ± 0.055 

0.517 ±0.069 
7.713 ±0.058 


0.131 ±0.020 
0.359 ± 0.055 

0.490 ± 0.059 
7.690 ± 0.052 


0.121 ±0.030 
0.046 ± 0.008 

0.166 ±0.031 
7.221 ±0.082 


0.209 ± 0.046 
0.222 ± 0.036 

0.430 ± 0.059 
7.634 ± 0.059 


0.113 ±0.023 
0.189 ±0.027 

0.302 ± 0.036 
7.480 ±0.051 


0.064 ±0.013 
0.120 ±0.015 

0.184 ±0.020 
7.265 ± 0.047 


0.318 ±0.019 
0.645 ± 0.038 
1.764 ±0.426 
0.981 ±0.043 
7.992 ±0.019 


0.370 ±0.014 
1.281 ±0.043 
0.611 ±0.106 
1.657 ±0.045 
8.219 ±0.012 


Ne++/H+ (xK)') 
ICF 

log(Ne/0) 


0.780 ±0.138 
1.138 
-0.765 ±0.121 


0.981 ±0.159 
1.092 
-0.660 ±0.102 










1.645 ±0.105 
1.126 
-0.724 ± 0.042 


2.810±0.109 
1.125 
-0.720 ± 0.023 


Galaxy 


Property 


G2052-6912 
No. 2 


J2053+0039 


J2 I 05+0032 
No.l 


J2105+0032 
No.2 


J21 12-0016 
No.l 


J21 12-0016 
No.2 


J2 119-0732 


J2 120-0058 


7-e(0 III) (K) 
T,{0 II) (K) 


11865 ±89 
11756 ±83 


18364 ± 1039 
15894 ± 1282 


17397 ± 1027 
15541 ± 1247 


17930 ± 1021 
15747 ± 1251 


11339 ±320 
11239 ±302 


12417 ±771 
12268 ±713 


14591 ± 1003 
13996 ± 1167 


17281 ±908 
15492 ±736 


0+/H+ (XlO-*) 
0++/H+ (XlO") 
0/H (XlO") 
12 + log(0/H) 


0.218 ±0.006 
1.309 ±0.033 
1.527 ±0.034 
8.184 ±0.009 


0.065 ± 0.014 
0.150 ±0.021 
0.215 ±0.026 
7.332 ±0.052 


0.089 ±0.019 
0.194 ±0.029 
0.283 ± 0.035 
7.451 ±0.053 


0.146 ±0.030 
0.119±0.017 
0.265 ± 0.034 
7.423 ± 0.056 


0.264 ± 0.025 
1.366 ±0.120 
1.630 ±0.123 
8.212 ±0.033 


0.192 ±0.036 
0.834 ±0.151 
1.026 ±0.156 
8.011 ±0.066 


0.183 ±0.043 
0.487 ± 0.088 
0.669 ± 0.098 
7.826 ± 0.064 


0.207 ± 0.025 
0.235 ± 0.030 
0.442 ± 0.039 
7.646 ± 0.038 


Ne++/H+ (xlO^) 
ICF 

log(Ne/0) 


2.728 ±0.079 
1.064 
-0.721 ±0.017 








2.871 ±0.284 
1.079 
-0.721 ±0.058 


1.249 ±0.261 
1.062 
-0.888 ±0.124 


1.116±0.214 
1.094 
-0.739 ±0.123 


0.723 ± 0.093 
1.194 
-0.710 ±0.096 


Galaxy 


Property 


J2 150+003 3 


G2 1 55-3946 


J2227-0939 


PHL 293B 


J2310-0109 No.l 
No.l 


J2310-0109NO.2 
No.2 






TAO III) (K) 
7-,(0 II) (K) 


16314 ± 1008 
15036 ±845 


16087 ± 1008 
14915 ± 1199 


14707 ± 1007 
14075 ± 1173 


17410 ±228 
15546 ± 184 


15417 ± 1005 
14531 ± 1183 


15359 ± 1006 
14495 ± 867 






0+/H+ (XlO") 
0++/H+ (XlO") 
0+++/H+ (XlO') 
0/H (XlO") 
12 + log(0/H) 


0.171 ±0.026 
0.230 ± 0.036 

0.401 ±0.044 
7.603 ± 0.048 


0.298 ± 0.064 
0.160 ±0.025 

0.458 ± 0.068 
7.661 ±0.065 


0.219 ±0.051 
0.434 ± 0.079 

0.653 ± 0.094 
7.815 ±0.062 


0.053 ± 0.002 
0.360 ±0.012 
0.655 ± 0.065 
0.420 ±0.012 
7.624 ±0.013 


0.128 ±0.028 
0.379 ± 0.063 

0.507 ± 0.069 
7.705 ± 0.060 


0.179 ±0.029 
0.348 ± 0.059 

0.527 ± 0.066 
7.722 ± 0.054 






Ne++/H+ (XlO') 
ICF 

log(Ne/0) 




0.363 ± 0.070 
1.319 
-0.980 ±0.193 


0.993 ± 0.202 
1.122 
-0.768 ±0.134 


0.729 ± 0.026 
1.046 
-0.742 ±0.021 


0.517 ±0.094 
1.086 
-0.956 ±0.114 


0.695 ±0.127 
1.124 
-0.829 ±0.120 
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Table 6. Ionic and Total Heavy Element Abundances (VLT observations) 



Galaxy 


Propeity 


10004+0025 
No.l 


10004+0025 
No.2 


10014-0044 
No.l 


10014-0044 
No.2 


10202-0047 


10301-0059 
No.l 


10301-0059 
No.2 


10301-0059 
No.3 


r,(0 III) (K) 

TJO II) (K) 
T,(S III) (K) 
N^iS II) (cm--^ 


18630 ± 1019 
15975 ± 1263 
17163 ± 846 
193 ± 128 


16701 ± 1016 
15229 ± 1221 
15562 ± 844 
213 ± 132 


13195 ± 123 
12939 ± 112 
13067 ± 102 
33 ±28 


16308 ± 1006 
15033 ± 1201 
15236 ±835 
167 ±78 


14607 ± 277 
14006 ± 243 
14307 ± 230 
78 ±38 


12582 ±585 
12416 ±539 
12499 ±485 
10 ± 10 


13999 ± 1236 
13571 ±1104 
13785 ± 1026 
10± 10 


16248 ± 1033 
15001 ± 1232 
15186 ±857 
10± 10 


0+/H+ (xlO") 
0++/H+ (xlO") 
0/H(xlO^) 
12 + log(0/H) 


0.164 ±0.033 
0.073 ±0.010 
0.237 ± 0.034 
7.374 ± 0.063 


0.224 ± 0.048 
0.156 ±0.024 
0.380 ± 0.053 
7.580 ±0.061 


0.146 ±0.005 
0.960 ± 0.027 
1.106 ±0.028 
8.044 ±0.011 


0.274 ± 0.057 
0.158 ±0.024 
0.431 ±0.062 
7.635 ± 0.063 


0.218 ±0.011 
0.580 ± 0.030 
0.798 ± 0.032 
7.902 ±0.017 


0.565 ± 0.078 
0.485 ± 0.065 
1.050 ±0.101 
8.021 ±0.042 


0.381 ±0.089 
0.353 ± 0.084 
0.734 ±0.123 
7.866 ± 0.073 


0.300 ± 0.067 
0.141 ±0.023 
0.441 ±0.071 
7.644 ± 0.070 


N+/H+ (xK)') 
ICF 

log(N/0) 


1.015 ±0.155 
1.377 
-1.229 ±0.094 


0.913 ±0.140 
1.675 
-1.396 ±0.091 


0.573 ±0.013 
7.041 
-1.438 ±0.015 


1.663 ±0.240 
1.534 
-1.228 ±0.090 


0.811 ±0.029 
3.647 
-1.431 ±0.023 


2.245 ± 0.202 
1.892 
-1.393 ±0.057 


2.399 ±0.373 
1.930 
-1.200 ±0.099 


2.491 ±0.409 
1.408 
-1.099±0.102 


Ne++/H+ (xlO^) 
ICF 

log(Ne/0) 




0.659 ±0.1 38 
1.273 
-0.656 ±0.1 84 


1.989 ±0.064 
1.047 
-0.725 ±0.019 




1.196 ±0.067 
1.094 
-0.785 ± 0.035 


1.118±0.167 
1.268 
-0.870 ±0.1 19 


0.764 ±0.198 
1.226 
-0.894 ± 0.205 




S+/H+ (xlO^') 
S++/H+ (xlO") 
ICF 

log(S/0) 


0.510 ±0.059 


0.484 ± 0.059 


0.176 ±0.003 
1.393 ±0.056 
1.724 
-1.612 ±0.019 


0.549 ± 0.065 


0.318 ±0.010 
1.036 ±0.079 
1.142 
-1.712 ±0.031 


0.988 ± 0.076 
0.919±0.113 
0.897 
-1.788 ±0.052 


0.920 ±0.121 


1.038 ±0.138 


C1++/H+ (xlO*) 
ICF 

log(Cl/0) 






3.474 ± 0.410 
1.243 
-3.408 ± 0.052 












Ar++/H+ (xlO') 
A1-+++/H+ (xlO') 
ICF 

log(Ai-/0) 






3.416 ±0.075 
1.213 ±0.103 
1.122 
-2.460 ± 0.020 




3.606 ±0.1 16 
1.141 

-2.287 ± 0.022 


3.719 ±0.336 

1.097 
-2.410 ±0.057 


3.569 ± 0.440 

1.043 
-2.295 ± 0.090 




Fe++/H+(xl0'*)(4658) 
Fe++/H+(xl0'*)(4988) 
ICF 

log(Fe/0) (^4658) 
log(Fe/0) (4988) 






0.125 ±0.003 
10.398 

-1.932 ±0.015 












Galaxy 


Propeity 


10315-0024 
No.l 


10315-0024 
No.2 


10338+0013 


G0405-3648 
No.l 


G0405-3648 
No.2 


G0405-3648 
No.3 


J05 19+0007 


12104-0035 
No.l 


T,(0 III) (K) 
T,(0 11) (K) 
TAS III) (K) 
N^(S II) (cm--^) 


12550 ± 1733 
12387 ± 1597 
12468 ± 1438 
1099 ± 206 


18111 ± 1012 
15811 ± 1243 
16732 ± 840 
10± 10 


17882 ±208 
15729 ± 165 
16542 ± 173 
116±50 


15013 ± 1293 
14278 ± 1125 
14645 ± 1073 
10 ± 10 


18169 ±908 
15830 ±712 
16780 ± 753 
108 ± 57 


21295 ± 1349 
16407 ±902 
19375 ± 1119 
10 ± 10 


20143 ± 238 
16306 ± 171 
18419 ± 198 
483 ± 60 


20194 ±294 
16313 ±210 
18461 ±244 
84 ±74 


0+/H+ (xlO") 
0++/H+ (xlO*) 
0+++/H+ (xl()"^) 
0/H(xlO'') 
12 + log(0/H) 


0.339 ±0.138 
0.289 ±0.1 15 

0.628 ±0.179 
7.798 ±0.124 


0.147 ±0.030 
0.108 ±0.014 

0.255 ± 0.033 
7.406 ± 0.056 


0.048 ± 0.002 
0.385 ±0.012 
0.531 ±0.042 
0.438 ±0.012 
7.641 ±0.012 


0.137 ±0.030 
0.228 ±0.051 

0.365 ± 0.059 
7.562 ± 0.070 


0.125 ±0.014 
0.099 ±0.012 

0.224 ±0.018 
7.351 ±0.036 


0.107 ±0.014 
0.069 ±0.010 

0.176 ±0.017 
7.246 ± 0.043 


0.021 ± 0.001 
0.248 ± 0.007 
0.444 ±0.021 
0.273 ± 0.007 
7.437 ±0.012 


0.019 ±0.001 
0.162 ±0.006 
0.126 ±0.019 
0.183 ±0.006 
7.261 ±0.014 


N+/H+ (xlO') 
ICF 

log(N/0) 


0.768 ± 0.202 
1.847 
-1.646 ±0.169 


0.786 ±0.128 
1.713 
-1.277 ±0.091 


0.1 10 ±0.004 
8.642 
-1.662 ±0.019 


0.440 ± 0.067 
2.686 
-1.490 ±0.096 


0.430 ± 0.036 
1.785 
-1.465 ±0.051 


0.319 ±0.031 
1.616 
-1.535 ±0.061 


0.195 ±0.004 
12.223 
-1.059 ±0.015 


0.058 ± 0.003 
8.833 
-1.551 ±0.029 


Ne++/H+ (xlO') 
ICF 

log(Ne/0) 


0.416 ±0.199 
1.240 

-1.085 ±0.385 




0.689 ± 0.022 
1.040 
-0.786 ±0.019 


0.258 ±0.071 
1.143 
-1.094±0.181 


0.185 ±0.028 
1.251 

-0.987 ±0.123 


0.164 ±0.024 
1.286 
-0.923 ±0.133 


0.447 ±0.013 
1.031 

-0.774 ±0.018 


0.301 ±0.011 
1.037 
-0.766 ± 0.022 


S+/H+ (xlO"*) 
S++/H+ (xlO**) 
ICF 

log(S/0) 


0.291 ±0.066 


0.202 ± 0.028 


0.073 ± 0.002 
0.387 ± 0.027 
1.947 
-1.689 ±0.028 


0.225 ± 0.028 


0.250 ±0.016 


0.205 ±0.016 


0.040 ± 0.001 
0.223 ± 0.009 
2.539 
-1.612 ±0.018 


0.031 ±0.001 
0.189 ±0.019 
1.978 
-1.623 ±0.040 


Ar++/H+ (xlO') 
Ar+++/H+ (xlO') 
ICF 

log(Ai-/0) 






1.068 ±0.028 
0.919 ±0.051 
1.867 
-2.342 ± 0.027 


1.544 ±0.201 

1.058 
-2.349 ± 0.090 


0.937 ± 0.080 

1.048 
-2.358 ±0.051 


0.618 ±0.052 

1.060 
-2.430 ± 0.056 


0.682 ±0.014 
0.762 ± 0.032 
2.455 
-2.213 ±0.025 


0.357 ±0.015 
0.371 ±0.049 
1.898 
-2.431 ±0.064 


Fe++/H+(xl0')(4658) 
Fe++/H+(xl0'^)(4988) 
ICF 

log(Fe/0) (/14658) 
log(Fe/0) (4988) 






0.083 ±0.010 
0.091 ±0.009 
12.634 
-1.623 ±0.054 
-1.579 ±0.043 




0.327 ± 0.059 
2.360 

-1.464 ±0.086 




0.076 ± 0.007 
0.101 ±0.007 
18.224 
-1.298 ±0.041 
-1.170 ±0.031 


0.1 17 ±0.021 
12.932 

-1.081 ±0.079 


Galaxy 


Propeity 


J2104-0035 
No.2 


12104-0035 
No.3 


12104-0035 
No.4 


12302+0049 
No.l 


12302+0049 
No.2 


12324-0006 


12354-0004 
No.l 




T,(0 111) (K) 
r,(0 11) (K) 
T,{S 111) (K) 
^((S 11) (cm-3) 


20000 ± 1061 
16284 ± 1345 
18300 ±880 
255 ± 248 


21471 ±2559 
16411 ± 1693 
19521 ±2124 
10 ± 10 


17794 ±4091 
15697 ± 3257 
16469 ± 3396 
10 ± 10 


17281 ± 179 
15492 ± 145 
16043 ± 148 
143 ± 44 


15203 + 616 
14399 ± 533 
14801 ±511 
10 ± 10 


14313 ± 128 
13801 ±113 
14057 ± 106 
84 ±31 


18120 ± 3255 
15814 ± 2559 
16740 ±2702 
10± 10 
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Table 6. continued. 



0+/H^ (xlO^) 
0++/H+ (xlO") 
0+++/H+ (XlO"*) 
0/H(xlO'') 


0.083 ± 0.018 
0.034 ± 0.004 

0.117 ±0.019 

/ .UOO i U.U / VJ 


0.075 ± 0.019 
0.047 ±0.012 

0.122 ±0.023 
7 OSS + nsn 


0.070 ± 0.036 
0.043 ± 0.024 

0.113 ±0.043 

1 .UJZ i U. 1 DO 


0.050 ± 0.001 
0.450 ±0.012 
1.342 ±0.062 
0.513 ±0.012 
7 7 1 n -1- n n 1 (1 

/. / lU 1: U.UlU 


0. 196 ± 0.020 
0.335 ± 0.035 

0.531 ±0.041 

7 795 + 0^"^ 


0.182 ± 0.005 
0.675 ±0.018 
0.715 ±0.051 
0.864 ±0.019 


0. 107 ± 0.044 
0.120 ±0.051 

0.227 ± 0.067 

7'^SS-|-0 19S 
! .DJJ i U.IZO 


N+/H+ (XlO'') 
ICF 

log(N/0) 


0.310 ±0.051 
1.323 
-1.455 ±0.103 


0.266 ± 0.049 
1.592 
-1.462 ±0.114 


0.265 ± 0.095 
1.587 
-1.428 ±0.230 


0.1 17 ±0.003 
9.717 
-1.653 ±0.017 


0.528 ± 0.045 
2.732 
-1.566 ±0.049 


0.431 ±0.009 
4.662 
-1.633 ±0.013 


0.322 ± 0.092 
2.133 
-1.518±0.177 


Ne++/H+ (XlO') 
ICF 

log(Ne/0) 








0.819 ±0.024 
1.040 
-0.780 ±0.017 


1.030 ±0.1 15 
1.139 
-0.656 ± 0.075 


1.457 ±0.043 
1.072 
-0.743 ±0.018 




S+/H+ (xlO') 
S++/H+ (XlO'*) 
ICF 

log(S/0) 


0.198 ±0.026 


0.103 ±0.015 


0.132 ±0.038 


0.073 ±0.001 
0.508 ± 0.027 
2.124 
-1.619 ±0.023 


0.293 ±0.018 


0.232 ± 0.004 
1.045 ±0.032 
1.300 
-1.716 ±0.014 


0.164 ±0.037 


cr+/H+ (XlO*) 

ICF 

log(Cl/0) 












1.385 ±0.150 
1.193 
-3.719 ±0.048 




Ar++/H+ (XlO') 
Ai***/H* (XlO') 
ICF 

log(Ar/0) 








1.222 ±0.027 
1.004 ±0.053 
2.041 
-2.313 ±0.024 


1.869 ±0.095 
1.061 

-2.428 ± 0.040 


2.613 ±0.053 
0.487 ± 0.052 
1.265 
-2.417 ±0.015 




Fe++/H+(xl0'')(4658) 
Fe++/H+(xl0'*)(4988) 
ICF 

log(Fe/0) (^4658) 
log(Fe/0) (4988) 








0.086 ± 0.014 
0.131 ±0.010 
14.309 
-1.618 ±0.069 
-1.437 ±0.034 


0.673 ± 0.096 
3.639 

-1.336 ±0.071 


0.139 ±0.012 
0.204 ±0.010 
6.495 
-1.982 ±0.039 
-1.815 ±0.024 
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Fig. 1. The flux-calibrated and redshift-corrected 3.6m ESO telescope spectra of the emission-line galaxies. 
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Fig. 1. -Continued 



N. G. Guseva et al.: The L-Z relation for a large sample of low-metallicity galaxies. Online Material p 12 




3500 4000 4500 5000 3500 4000 

Wavelength (A) 



4500 



5000 



Fig. 1. -Continued 
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Fig. 2. The flux-calibrated and redshift-corrected VLT spectra of the emission-line galaxies. 
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Fig. 2. -Continued 
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